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‘Functional Somatic Symptoms in Children and Adolescents, at the inter-
section of mind-body medicine, is a must-read for clinicians across 
pediatrics, psychiatry, neurology, psychology, social work, and allied 
rehabilitation disciplines involved in diagnosing and treating children 
and adolescents with functional symptoms. The authors have done a 
masterful job of linking together emerging cutting-edge biology with 
case-based discussions and practical treatment suggestions to aid the 
development of a mind-body program. Functional disorders are com-
mon in pediatrics, and this book is a major advance in bringing this set 
of conditions out of the shadows and into mainstream educational and 
clinical initiatives.’
—David L. Perez, MD, MMSc, Massachusetts General Hospital, 
Harvard Medical School
‘A uniquely creative, well-informed, and authoritative account that uses 
the latest scientific and clinical research to inform clinical assessment 
and treatment of functional symptoms and syndromes in children and 
young people. The authors’ stress-system model for understanding these 
experiences is complemented by the extensive use of clinical vignettes 
that are integrated into an overarching clinical framework that will 
prove useful for trainees and the broad range of clinicians addressing 
these problems in their own practices.’
—Elena Garralda, MD, MPhil, FRCPsych, FRCPCH, Emeritus 
Professor of Child and Adolescent Psychiatry, Imperial College London
‘This is the book that clinicians, researchers and educators concerned 
with children and adolescents with functional somatic symptoms have 
been waiting for. For clinicians treating these children—both paedi-
atricians and mental health professionals—this is a “must-have” book. 
Until very recently, research in this field has been sparse, and in the 
absence of a clear understanding of these symptoms, it has been difficult 
for clinicians to provide good, persuasive explanations to children and 
their distressed parents. The frequent result has been extensive medical 
assessments, trips to doctor after doctor, and an increasing likelihood 
that the symptoms would become chronic. Advances in research meth-
odologies now set a neuroscience basis for functional somatic symptoms 
as reflecting disturbances of neurophysiological regulation. In this con-
text, the book sets forth the important and clinically useful stress-system 
model for functional somatic symptoms. It also provides the knowledge 
and skills for clinicians to understand both the complexities in the neu-
rophysiological dysregulation and how to communicate this under-
standing to patients and families. Functional Somatic Symptoms is an 
impressive and important book that should become a basic work of ref-
erence for multidisciplinary health professionals concerned with the role 
of disturbances of neurophysiological regulation in children and adoles-
cents with functional somatic symptoms.’
—Trond H. Diseth, MD, Professor of Child and Adolescent Psychiatry, 
University of Oslo, Norway
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‘In this superb book Kozlowska and colleagues have provided a much-
needed roadmap for accelerating our understanding of functional 
somatic symptoms. It describes important scientific developments while 
also maintaining a strong clinical focus relevant to medicine, nursing, 
social work, psychology, psychiatry, and other fields of health care.’
—Leanne Williams, PhD, Professor of Psychiatry and Behavioral 
Sciences, Director of Center for Precision Mental Health and Wellness, 
Stanford University
‘Help is on the way for stressed and traumatized children (and their 
families) suffering from functional somatic symptoms, thanks to this 
great book for pediatricians, medical specialists, and mental health 
providers still confused by those children’s “medically unexplained” 
symptoms and unable to help them heal. In this brilliant, compassion-
ate, and eminently practical resource, Kozlowska and her colleagues 
have distilled decades of clinical experience and integrated many areas 
of research—from attachment relationships and adverse childhood 
experiences to the neurobiology of the stress-system encompassing the 
circadian clock, autonomic nervous system, inflammatory/immune 
system, and hypothalamic-pituitary-adrenal axis. They explain the 
“unexplained” and provide the map and toolbox for professionals to 
effectively apply their stress-system approach as individuals and teams. 
Everyone who works with children presenting with functional somatic 
symptoms, from pain and fatigue to non-epileptic seizures, will greatly 
benefit from reading this landmark book and putting its wisdom and 
practices into action.’
—James W. Hopper, PhD, Independent Consultant & Cambridge 
Health Alliance, Harvard Medical School
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Foreword
I am delighted to write the foreword to this brilliant book, Functional 
Somatic Symptoms in Children and Adolescents: A Stress-System Approach 
to Assessment and Treatment, by Kasia Kozlowska, Stephen Scher, and 
Helene Helgeland. The book has three major sections: the clinical 
encounter; the stress system and the generation of functional somatic 
symptoms; and the treatment of these symptoms.
We humans and our societies are the most complex systems we know 
of in our surrounding universe, and a book such as this one provides 
a precious distillation of what is important in helping us understand 
how we feel, how our feelings are generated, and how we could influ-
ence them to palliate our suffering. Like all other complex systems, we 
exist in a dynamic equilibrium that requires energy to be sustained. 
This is what Walter Cannon called homeostasis, an equilibrium that is 
constantly disturbed by stressors and corrected by adaptive responses. 
Homeostasis has lower and upper limits; within the range of these lim-
its, stressors are benign and the system ‘us’ remains in a state of harmless 
harmony. Stressors that push this homeostatic range on either side of its 
limits are not benign, and the system ‘us’ is in stress.
Aristotle spoke first of the unity of mind and body, while Epicurus 
later described eustatheia or eustasis as the mind and body’s harmonious 
balance. This was over two thousand years before the Cartesian fallacy of 
a separate mind and body. Nowadays, it has become emphatically clear 
that our entire organism is an ‘extended brain’. The complex system ‘us’ 
has its own complex subsystems that are activated when our homeosta-
sis is threatened. These are the highly intertwined stress and immune/
inflammatory systems. The former sounds the general alarm leading 
to the classic ‘fight’, ‘flight’, and ‘freezing’ responses, while the latter is 
activated when potentially injurious substances threaten the organism. 
The stress system thus generates the stress syndrome, while the immune/
inflammatory system generates the sickness syndrome. The so-called 
‘functional symptoms’ are primarily manifestations of the classic stress 
and sickness syndromes; these manifestations occur in children and ado-
lescents, as well as in adults, in whom they have been called ‘medically 
unexplained/unexplainable symptoms’ (MUS); these are, in fact, quite 
explainable, as amply described in this book.
The book focuses on the functional symptoms of children and ado-
lescents, which include not only those described as adult MUS but 
also other functional symptoms that pertain to all ages. These refer 
to stress-induced changes that influence both the interoception and 
exteroception functions of the brain, and include gastrointestinal, 
neurological, neuromuscular, perceptional, and other symptoms—all 
manifestations associated with suffering. Naturally, the pain and fatigue 
systems of the brain, as well as the reward system, are major players in 
the generation of suffering and functional symptoms of children, 
adolescents, and adults. Similarly, the biological circadian clock is 
involved—explaining the frequent association of these symptoms with 
the time of the day and night. These concepts are all well integrated in 
the book and help with the understanding of the pathophysiology of 
functional symptoms and the rationale for their treatment. The secret 
is obviously the management of stress and, through it, the alleviation of 
psychic and bodily pain.
xii     Foreword
I believe this erudite but also clearly and cogently written book will 
be of major service to children and adolescents and to the alleviation 
of overall human suffering. I congratulate the authors for a job greatly 
done.
George P. Chrousos, MD, MACP, MACE, FRCP
Professor of Pediatrics and Endocrinology, Emeritus 
Holder, UNESCO Chair on Adolescent Health Care 
Director, University Research Institute of Maternal and Child 
Health and Precision Medicine 
National and Kapodistrian University of Athens, Medical School  
Aghia Sophia Children’s Hospital
Athens, Greece
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1
Abstract  This chapter sets the scene for the rest of the book. Across 
time and across cultures, functional somatic symptoms have presented 
under many different guises, been given many different names, and 
been conceptualized in many different ways. Theories and speculation 
have therefore abounded, but without any firm scientific foundation. It 
is only very recently that scientists have come to learn enough about the 
body—and about the stress system, in particular—that a scientifically 
grounded understanding of functional somatic symptoms and their 
treatment is beginning to take shape. After a few brief paragraphs about 
such background matters, this chapter turns to the three authors them-
selves and how each of them came to be involved in the issues addressed 
in this book. The hope is that readers will see parts of themselves in 
these stories and also, in the process, come to consider how they each 
came to be involved in this intriguing and challenging field.
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Every day in hospitals, doctors’ surgeries, and school sick bays around 
the world, children (including adolescents) present with what have 
come to be known as functional somatic symptoms. These symptoms 
are ones that cannot be explained by an identifiable disease process—
even after an extensive medical assessment has been done. They reflect, 
instead, disturbances of neurophysiological regulation that cause the 
child to suffer physical discomfort (e.g., pain, dizziness, or nausea) or 
disruptions of various kinds (e.g., irregular bowel or bladder function), 
to experience disturbances of motor or sensory processes or capacities 
(e.g., paralysis, loss of vision, or seizure events), or to lose the sense of 
health and well-being (e.g., exhaustion, general malaise, or fatigue).
In contemporary medicine, doctors use the term functional to dis-
tinguish such disorders or symptoms from those that are caused by an 
objectively identifiable disease process (Roenneberg et al. 2019). In hos-
pital corridors one might therefore hear doctors saying that the neuro-
logical symptoms or abdominal pain or hearing loss is functional rather 
than organic. What they’re communicating is that standard medicines 
will not work; some other approach is required. The term functional 
somatic symptoms thus parallels how functional is used in medical con-
texts: to borrow from Mayou and Farmer (2002, p. 265), it assumes 
‘only a disturbance in bodily functioning’, with no further implication 
regarding causation. It is important to note, too, that the word func-
tional as used in this book has no connection to how the word is used 
within the fields of clinical psychology or family therapy, where the cli-
nician may, for example, conceptualize a symptom or dynamic as hav-
ing a function for the child within the family system.
In this book our use of the term functional moves beyond the func-
tional/organic distinction to take into account recent advances in 
neuroscience. As the reader will see in the following chapters, the ‘dis-
turbance[s] in bodily function’ underlying functional somatic symp-
toms involve disturbances in neurophysiological regulation. These 
disturbances (resulting in too much activation, too little activation, or 
aberrant patterns of activation) are the result of cumulative or, in some 
cases, acute stress, either physical or psychological. And these changes in 
neurophysiological regulation are themselves often accompanied by dis-
cernible changes in structure on a cellular or tissue level (not just func-
tion; see Chapters 4 and 8, and Online Supplements 4.2, 4.3, and 8.2).
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Throughout history—and in today’s contemporary medicine— 
functional somatic symptoms have been given many different names 
and been classified, by different medical specialties, in many differ-
ent ways (for more about terminology, see Online Supplement 1.1). 
Throughout this book we use the term functional somatic symptoms as an 
umbrella term that includes all the different types of functional symp-
toms that occur across all body systems and that present to doctors who 
work across the full range of medical specialties.
Because functional somatic symptoms occur more frequently in girls 
than in boys, we generally use the pronoun she to reflect this clinical 
reality.
The Goal of This Book
The goal of this book is to communicate our current understanding of 
functional somatic symptoms and how best to treat them. The audience 
includes any clinician—whether in medicine, nursing, social work, psy-
chology, psychiatry, or other fields of health care—who works with chil-
dren experiencing functional somatic symptoms. These clinicians know 
that until very recently, research on functional symptoms has been 
sparse and that the knowledge base about functional illnesses has lagged 
behind developments seen in the rest of medicine. These clinicians have 
also experienced the challenges of trying to explain functional symp-
toms to children and their distressed families. They have witnessed 
the efforts of parents struggling to understand why their previously 
well child has become so sick. They have seen families who have gone 
from doctor to doctor, in search of help and an explanation that makes 
sense to them—just to be told that there is nothing wrong and that the 
physical exam and test results are normal. In an effort to explain what’s 
wrong, these clinicians have found themselves with little choice but to 
use language derived from models of dissociation and conversion (from 
more than a century ago) or somatization and psychogenesis (from the 
early 1990s). But when patients and their families ask what these words 
mean, and what exactly the underlying mechanisms are, clinicians have 
typically been at a loss.
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The good news is that advances in research methodologies have 
emboldened researchers to become interested in functional somatic 
symptoms yet again; the neuroscience of functional somatic symptoms 
is beginning to take shape. In this context, the present book sets forth 
the stress-system model for functional somatic symptoms. This model has 
been developed over the past decade through the research and clinical 
experience of the first author (KK). Building upon her own work and 
the work of other neuroscientists, the model brings together what is 
known about such symptoms and defines an approach to understanding 
and treating them in children and adolescents.
About the Authors
In this section (in the voice of the first author), we discuss how each of 
us came to be engaged in the problems addressed in this book. What 
has been apparent to all three of us is that the paths of engagement with 
functional somatic symptoms, like the symptoms themselves, are diverse 
and idiosyncratic. The many different dimensions of the problems 
engage clinicians in different ways. Our hope is that, in the descriptions 
of our three stories, readers will find that their own paths of engagement 
mirror and, in various ways, interweave with ours.
For interested readers, Online Supplement 1.3 contains a reference 
list for the work of individuals who are mentioned in this chapter.
The First Author: Kasia Kozlowska
The three co-authors of this book each came to this field through differ-
ent routes. Speaking for myself as first author and as a child and adoles-
cent psychiatrist, I had my initial encounters just over 25 years ago with 
patients experiencing functional somatic symptoms. It was during a 
 six-month placement as a child psychiatry fellow at The Royal Alexandra 
Hospital for Children in Sydney, Australia. In 1994, Dr. Kenneth Nunn 
(my then supervisor) had established an inpatient treatment program 
for children with functional symptoms—now known as the Mind-Body 
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Program—in response to the presentation of children with functional 
paralysis of the legs. As a member of a multidisciplinary team that 
treated these patients—and in the role of the children’s individual ther-
apist—I was in much the same position as health professionals are even 
now. How should one conceptualize such problems, which occupy what 
seems to be a middle ground between the mind (as in psychiatry/psy-
chology) and the body of standard, biological medicine? And how does 
one treat such problems effectively? These questions demanded answers, 
but what they tended to generate were more and more puzzles.
During the two-year training period to become a child and adoles-
cent psychiatrist, I also became acquainted with different psychologi-
cal theories, including the work of psychoanalysts Sigmund Freud and 
Melanie Klein, both of whom put particular emphasis on the role that 
infantile fantasies—generated from unconscious internal conflicts—
played in child development and the emergence of psychopathology. 
I saw these theories as no better than weakly founded speculation. My 
aversion was particularly strong regarding Freud’s construction of sexual 
abuse as an internal psychic conflict (rather than as involving real events 
in the lives of children and young women) and Klein’s emphasis on the 
central role of parental figures in children’s fantasy lives (rather than 
parents’ actual impact on their real lives). From my contact with Dr. 
Carolyn Quadrio—a child and adolescent psychiatrist and my supervi-
sor in family therapy—I was well aware that sexual abuse and ongoing 
family conflict were not only common but could seriously compromise 
children’s health and well-being.
Disillusioned by psychoanalytic models, I also questioned Freud’s 
theory of conversion—namely, that unacceptable mental contents 
(usually unconscious sexual conflicts) were transformed, or converted, 
into somatic symptoms. This conception of functional somatic symp-
toms, which influenced the third and fourth editions of the US-based 
Diagnostic and Statistical Manual of Mental Disorders (DSM-III and 
-IV), was the one that I was obliged to learn and to use for document-
ing diagnoses. But if the conversion hypothesis was correct, then what 
were the biological mechanisms by which it happened? The psycho-
analytic models couldn’t even hint at an answer. And why focus exclu-
sively on imagined events or internally created conflicts as generating 
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conversion symptoms? Real-life, external events can generate psycholog-
ical responses that are just as strong as, or even stronger than, internally 
generated events or conflicts. If internally generated phenomena are 
enough to trigger conversion symptoms, why couldn’t mental phenom-
ena tied in with external events do the same?
My child psychiatry training—unlike that of the third author (HH; 
see below)—had an Anglo-American bias. I have no memory of having 
been taught anything about Pierre Janet’s dissociation model, developed 
in France in the late nineteenth and early twentieth centuries, which 
better acknowledged that functional somatic symptoms and dissociative 
symptoms arose when patients had experienced terror or severe stress, 
illness, or fatigue.
My deep reservations about models of thinking that were available 
in the early 1990s continued during my first job as a child psychiatrist, 
working as team leader of the preschool program at a child psychiatry unit 
(Arndell Children’s Unit, Royal North Shore Hospital). A key strength of 
the unit was its family orientation and its family admissions program; a 
multidisciplinary team worked with the family to help the parents man-
age their own emotional states, thereby enabling the family to help the 
distressed child to regulate more effectively. When this family-based inter-
vention was successful, the child’s behavioural, emotional, or somatic 
symptoms would actually just melt away. What was also evident was that 
most of the children referred to the program had developed emotional, 
behavioural, or functional somatic symptoms in the context of family 
conflict, loss events, mental illness in the family, or maltreatment. Many 
were quite distressed—even traumatized—by these experiences, and in the 
supportive environment that we provided in the unit, the children were 
able to communicate their experiences both verbally and in imaged form 
(Kozlowska and Hanney 2001; Hanney and Kozlowska 2002). After a 
thorough family assessment, it was usually clear to the treatment team that 
the children’s experiences were real and tangible, and that their symptoms 
needed to be understood and treated against that background.
In this context, it was not surprising that I was drawn to the work 
of John Bowlby, who believed that psychoanalysis needed to open itself 
to scientific debate and inquiry and who contended that psychoanalysis 
neglected the role of loss and trauma events. Bowlby’s scientific enquiry 
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took the form of empirical observation of what happened to young chil-
dren when they were separated from their mothers and put in the care 
of strangers. The research findings and the ideas emanating from these 
findings were articulated in Attachment and Loss, whose three volumes 
were published from 1969 to 1980. In Bowlby’s view, children’s develop-
ment and their emotional, behavioural, and somatic problems are shaped 
by the quality of their emotional bonds with attachment figures and by 
adverse life events such as separation, loss, trauma, and maltreatment.
Bowlby’s work, along with that of Mary Ainsworth (who had worked 
in Bowlby’s research unit at the Tavistock Clinic in the early 1950s and 
later collaborated with him as an equal colleague), set the stage for a 
further development of attachment theory, the Dynamic-Maturational 
Model of attachment and adaptation (DMM). This model was 
being elaborated in the 1990s and 2000s by Patricia (Pat) McKinsey 
Crittenden, a developmental psychologist and attachment researcher 
who was herself a student of Ainsworth’s. In 1996, soon after finishing 
my child psychiatry training, I had the good fortune to attend a daylong 
lecture by Pat. From that time and continuing through 2015, I worked 
together with a wonderful group of clinicians from around the world, 
helping Pat to gather the clinical materials that enabled her to fill in the 
model’s details (Crittenden 2006). Pat’s 1999 monograph, Danger and 
Development: The Organization of Self-Protective Strategies, influenced 
me profoundly. Against this background—which included many hours 
spent under Pat’s astute clinical eye watching children interact with 
attachment figures—I came to realize that the child’s close relationships 
shape biological regulation processes (Francis and Meaney 1999) and 
that the chronic disruption of what are normally comfortable and nur-
turing attachments could disrupt those processes. Most importantly for 
the purposes of this book, I also came to realize that chronic or severe 
stress, including but not limited the stress and danger associated with 
disrupted attachment relationships, contributes to the emergence of 
functional somatic symptoms.
Also in the mid-1990s, when I was still a young child/adolescent psy-
chiatrist, I came across the work of Bruce Perry and Frank Putnam, two 
American child psychiatrists who were engaged both in clinical work 
with traumatized children and in neuroscience research. Their published 
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works engraved in my mind the idea that developmental experiences—
including those with attachment figures—help shape the organization 
and function of the developing body and brain.
And in 1998, when I started working at The Children’s Hospital at 
Westmead, I read The Web of Life: A New Synthesis of Mind and Matter, 
by Fritjof Capra, a physicist and a systems theorist. In contrast to fam-
ily therapists, who applied systems thinking to relationships and to the 
family, Capra applied it to all living systems—beginning with the level 
of the cell. This extended way of applying systems thinking enabled me 
to conceptualize the problems of my patients as involving different sys-
tem levels—governed by different laws and representing different levels 
of complexity—while being at the same time interrelated and inter-
dependent. By using systems thinking I was able to shift my attention 
back and forth between system levels to identify and address different 
issues: the brain and body, the mind, the child’s attachment relation-
ships, the family, and the school. What this meant in practice was that 
I could apply all the skills that I had learnt in my training—my skills as 
a doctor, as a psychiatrist, as an attachment clinician, and as a psycho-
therapist and family therapist—without prioritizing one system level as 
being more important than another.
From my family therapy training I had retained an interest in the 
work of Milton Erickson, an American psychiatrist who specialized 
in medical hypnosis and family therapy. In my mind I held an image 
of Erickson sitting in front of a crackling fire talking with patients and 
bringing about positive change in their lives by his use of metaphor and 
suggestion (see also Chapter 15). In 2002, I enrolled in a two-year course 
in clinical hypnosis so that I could use hypnosis in my own work and 
also better understand the writings of Janet and other clinicians who had 
used hypnosis with patients with functional somatic symptoms.
Around that same time, I also became acquainted with the work of 
Antonio Damasio, a neurologist and neuroscientist whose clinical work 
led him to be interested in the neurobiology of consciousness, emo-
tions, and feelings. Damasio wrote, ‘Emotions play out in the theater 
of the body. Feelings play out in the theater of the mind. As we shall 
see, emotions and the host of related reactions that underlie them are 
part of the basic mechanisms of life regulation; feelings also contribute 
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to life regulation, but at a higher level’ (Damasio 2003, p. 28). For me, 
Damasio’s work solidified the idea that psychological, emotional, and 
behavioural phenomena were all embedded in a biological substrate. 
So, when I began to see a lot of children with functional somatic symp-
toms—referred by paediatricians describing the problems as psycho-
genic—my basic assumption was that the functional symptoms were 
embedded in a biological substrate, a substrate that we did not, as yet, 
understand (Kozlowska 2005).
It was from this neuroscience perspective that, in 2006, I began my 
PhD on functional neurological disorder (FND), with the neuroscien-
tist Dr. Leanne Williams as my primary supervisor. The PhD research 
program was a series of studies that looked at various biological markers 
in children and adolescents presenting with FND.
As I was working on the PhD, I came across the work of Hans Selye 
(1907–1982), an endocrinologist who introduced the idea of the stress 
response and, with it, the word stress—including le stress, der stress, lo 
stress, el stress, and o stress—into our vocabulary across cultures and lan-
guages (Selye 1956). According to Selye’s broad definition, stress (or a 
stressor) is any event, whether physical, chemical, or psychological, that 
causes the body to activate an adaptive (or in some cases, maladaptive) 
response. The stress response includes the many different ways in which 
the body responds or adapts to the myriad challenges, ranging from the 
negligible to the catastrophic, that we encounter as part of our daily 
lives—what Selye called the stress of life. Selye highlighted that mild, 
brief, and controllable states of stress could be perceived as pleasant or 
exciting, and could function in a positive way to facilitate the individ-
ual’s emotional, physical, or cognitive health and subjective well-being. 
By contrast, more severe, protracted, or uncontrollable stress—exceed-
ing a tolerable threshold and associated with distress rather than pleas-
ure, excitement, or goal-associated determination—could have a 
different outcome. In particular, it could lead to a stress response that 
had a negative effect on the individual’s well-being and that, over time, 
could result in what Selye called diseases of adaptation. For a fuller 
account of Selye’s work and that of other scientists who laid the foun-
dations for the stress-system model presented in this book, see Online 
Supplement 1.2.
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During this same period of working on my PhD, I also came across 
the work of George Chrousos, an endocrinologist and neuroscientist. 
Together with colleagues, Chrousos had introduced the idea of the stress 
system as a systemic framework for looking at the diverse, interrelated 
biological systems that underpin stress-related illnesses (Chrousos et al. 
1988). According to Chrousos, the stress system comprises a set of over-
lapping and interrelated hormonal, neural (autonomic nervous system), 
immune-inflammatory, and brain systems involved in mediating the 
brain-body stress response and underpinning the body’s ability to reg-
ulate itself in response to the stress of life. Chrousos defined stress as 
‘a state of disharmony, or threatened homeostasis’ and introduced the 
term stress-system disorders (for Selye’s diseases of adaptation ), which he 
conceptualized as arising from hyper- or hypo-activation of the stress 
system (Chrousos and Gold 1992, p. 1245).
I realized that Chrousos’s overarching stress-system framework pro-
vided a systemic way of thinking about a broad range of functional 
somatic symptoms. This realization was confirmed by the data that 
emerged from the studies that made up my PhD: the children with FND 
showed activation of all components of their stress systems. My clinical 
team and I incorporated this way of thinking into our daily clinical prac-
tice; some examples of our clinical work were published in the Harvard 
Review of Psychiatry as ‘Stress, Distress, and Bodytalk: Co-constructing 
Formulations with Patients Who Present with Somatic Symptoms’ 
(Kozlowska 2013). Building upon my PhD research, these clinical results, 
and the work of other neuroscientists, I presented a more fully elaborated 
stress-symptom model for functional neurological symptoms in a 2017 contri-
bution to the Journal of the Neurological Sciences (Kozlowska 2017).
Since that time, other prominent clinicians and scientists have influ-
enced my work and thinking. Of special note on the clinical side are 
Peter Levine, Kathy Kain, Pat Ogden, and Richard Gevirtz, who have 
developed bottom-up interventions for working with patients in psy-
chotherapy. In this context, and in order to hone my own clinical skills 
in bottom-up somatic interventions, I completed Levine’s  three-year 
Somatic Experiencing psychotherapy training and Kain’s 16-day Touch 
Skills for Therapists course (training in somatic awareness and tactile skills 
for trauma resolution). Of special note on the research side are Bruce 
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McEwen, who looked at the biological cost, over time, of an overactivated 
stress system, and Michael Meaney, whose research established the foun-
dation for understanding how a child’s early-life experiences become bio-
logically embedded in the brain and body. For interested readers, Online 
Supplement 1.2 summarizes, within a historical framework, key aspects 
of their work and that of other scientists whose work has contributed to 
my understanding of the stress system.
The Second Author: Stephen Scher
The second author, Stephen Scher, joined this journey just over a dec-
ade ago, when my article ‘Healing the Disembodied Mind: Models of 
Conversion Disorder’ was being finalized for publication in the Harvard 
Review of Psychiatry. His close, acute attention to the article (as Senior 
Editor) helped me to sort out various conceptual and linguistic prob-
lems, and it also began an ongoing conversation about mind and body. 
But his own interest in these problems far antedates our work together 
on that article. Beginning with his undergraduate work in philoso-
phy and continuing through his PhD work in the same field, one of 
his primary interests was philosophy of mind, at the centre of which—
going back to the seventeenth-century writings of Descartes—was the 
 mind-body problem. His PhD dissertation, ‘Freedom and Determinism 
in Kant’s Critique of Practical Reason ’ (Scher 1977), was itself a his-
torical study of this problem, and his clinical work on medical ethics 
in hospitals affiliated with Harvard Medical School was a response to 
what he perceived as an all-too-narrow focus on the intellect in trying 
to understand how health professionals learnt to think and act eth-
ically. That line of thinking, years later, ultimately led to the publica-
tion—with me as co-author—of Rethinking Health Care Ethics, our 
Open Access book in which we follow the logic of his initial insights 
to develop an approach in which clinical ethics is literally embodied in 
each clinician’s own history and his or her own thoughts, emotions, and 
actions (Scher and Kozlowska 2018). In a wonderful way, that book 
might be understood as coming full circle to our original encounter—
that is, to an embodied mind, as it were, that enables clinicians to better 
understand and advance their own ethical thinking, feeling, and acting.
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The Third Author: Helene Helgeland
The story of Helene Helgeland’s involvement in this book is more com-
plex. My initial contact with Helene, a child/adolescent psychiatrist in 
Norway, dates from 2015, when she invited me, via email, to give a 
series of talks at Oslo University Hospital in 2017. Those led to addi-
tional series of talks in 2018 and 2019—at the Cato Center in Son, at 
Tromsø University Hospital in Tromsø, and again in Oslo—and also to 
some further collaboration, including this book. Her own interest in the 
problems addressed in this book dates from around 2000, when she was 
working as a psychiatrist in a child and adolescent outpatient clinic.
Early on, it was Helene’s impression that patients with functional 
somatic symptoms were almost absent from the clinic’s patient pop-
ulation and also that very few were referred to their clinic because of 
such problems. But then—inspired by her husband, Per Olav Vandvik, 
a physician who was conducting research on functional abdominal pain 
in adults—she started asking her patients about the presence of abdom-
inal pain. To her surprise, she discovered that not only abdominal pain 
but also other nonspecific somatic symptoms such as headache, nausea, 
and musculoskeletal pain were common among her young patients. In 
some, the symptoms had a huge impact on their daily functioning.
Helene soon realized—no doubt, like many readers of this book—
how very little she knew about functional somatic symptoms and how 
very little she had learnt about this patient group as a medical student. 
She also realized that the majority of her colleagues both in general and 
mental health care had little knowledge—and often little interest—in 
these patients. Once a disease process was excluded, many paediatri-
cians felt that they had finished up with such patients and felt no further 
responsibility for treatment. And many mental health clinicians, in turn, 
dismissed these patients because they did not show any obvious psycho-
logical symptoms such as anxiety and depression. Even when clinicians 
moved past these threshold obstacles, the baseline problem was still the 
same: what is happening to these patients? The clinicians themselves typ-
ically felt helpless, and their relations with patients and families often 
deteriorated, triggering anxiety, worries, anger, and misunderstandings.
Helene then embarked on the path that ultimately led to our acquaint-
ance and to her work as a co-author. The first step was the research on her 
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PhD—on functional abdominal pain in children. In reading the inter-
national research literature she became increasingly interested in clinical 
hypnosis as an effective treatment for children with functional abdomi-
nal pain. Another source of inspiration at that time was her mother-in-
law—Dr. Inger Helene Vandvik—a child and adolescent psychiatrist who 
has been one of the pioneers promoting the implementation of clinical 
hypnosis in paediatric patients in Norway (Helgeland 2018); in 2008, Dr. 
Vandvik established a one-year professional education program for using 
hypnosis clinically with children and adolescents. The program continues 
today under the leadership of Helene and her colleague Maren Lindheim 
(Lindheim and Helgeland 2017).
Although Helene’s own knowledge and clinical experience continued 
to grow, she remained acutely aware that few health professionals had 
the understanding and capacity to help patients with functional somatic 
symptoms. To change the situation, it was necessary, she realized, to dis-
seminate knowledge not only to health professionals but also to health 
authorities, decision makers, and the general population. In 2014, 
when Norway established its National Advisory Unit on Psychosomatic 
Disorders in Children and Adolescents, Helene joined the effort and 
recognized it as her opportunity to make a difference. Her searches of 
the literature led her to me. What was especially valuable for her (and 
other professionals in Norway) was that my articles presented both a 
well-developed clinical approach to treating functional somatic symp-
toms and a comprehensive model that integrated emerging research evi-
dence on the underlying neurophysiological mechanisms.
What Connects Us Together as Authors
Finally, what also ties the three authors together is our interest in the 
well-being of the person as a whole, whether this be the well-being of 
our patients and their families, our teams, or our students. We try to 
support, and to promote the growth of, the whole person in our prac-
tice of medicine as a healing art (Cassell 2013), in working collabora-
tively with colleagues and respecting their moral voices (Scher and 
Kozlowska 2018), and in our mentoring of students and trainees when 
they spend time in our programs.
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What the three of us hope is that, with our different but overlapping 
perspectives, knowledge, and skill sets, we have been able to put together 
a book that communicates what we know in a way that makes it accessible 
and usable by health professionals. With good luck, the presentation will 
engage the reader, and the trip through the pages will be both rewarding 
and a source of pleasure. We hope that after reading this book, all clinicians 
will hold in mind the many ways that physical and psychological stress can 
affect the child’s body and compromise her health and well-being.
In an effort to make this material on functional somatic symptoms 
most accessible to the reader, we have divided the book into three parts 
representing the three overarching intellectual and clinical challenges 
that the clinician needs to address: (Part I) Children with Functional 
Somatic Symptoms: The Clinical Encounter; (Part II) Mind, Body, 
and the Science of Functional Somatic Symptoms; and (Part III) The 
Treatment of Functional Somatic Symptoms. For interested readers we 
also provide additional references—and references to basic science arti-
cles—in Online Supplement 1.3 for each of the chapters of the book.
* * *
In this closing paragraph we would like to address the limitations of 
the book. First, because the book’s primary audience is mental health 
clinicians—and because we often try to articulate ideas in a way that 
can also be used to talk to children and families—we have tried to sim-
plify the neurobiology as much as possible. But in simplifying the neu-
robiology we lose some of the detail and some of the complexity, and 
our neuroscientist colleagues may find the simplification a bit frustrat-
ing. Second, we have had to put a boundary around what we cover and 
what we do not cover in this book. The child’s pattern of presentation 
may involve other comorbid, stress-related disorders such as anxiety, 
depression, and post-traumatic symptoms. Early-childhood stress also 
increases the risk for medical disorders such as diabetes, cardiovascular 
disease, inflammatory diseases, and obesity. Limitations on length do 
not allow us to discuss the interplay of functional somatic symptoms 
with these comorbidities. Third, knowledge about functional somatic 
symptoms and the processes underlying them is rapidly evolving. Much 
is becoming known and much is unknown. In this context, this book 
should be understood as just one step in the larger story.
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Part I—Chapters 2 and 3—describes the child and family’s experience 
in the health care system, including the clinical encounters between the 
family and the paediatrician, and between the family and the mental 
health clinician. By immersing the reader in the diverse dimensions of 
the clinical encounter, these chapters aim to help the reader to appre-
ciate and understand the encounter from the full range of relevant per-
spectives: the child, family, paediatrician, and mental health clinician.
Chapter 2 highlights the important role of the paediatrician in the 
process of establishing a therapeutic relationship and creating a secure 
base for the child and family and for their later encounter and dealings 
with the mental health clinician. The chapter underscores the impor-
tance of including functional somatic symptoms in paediatric teaching 
curricula to ensure that the next generation of paediatricians has the 
necessary skills to assess functional somatic symptoms, to discuss and 
explain the symptoms and their clinical findings in a clear and respect-
ful way, to provide a positive diagnosis, and to support the child and 
family to find a way through the health care system. Chapter 2 will also 
help the mental health clinician to understand the difficulties that the 
child and family may encounter in their path through the health care 
Part I
Children with Functional Somatic 
Symptoms: The Clinical Encounter
18     Part I: Children with Functional Somatic Symptoms: The Clinical Encounter
system and what experiences—good or bad—may be brought to the 
assessment interview in the mental health setting.
Chapter 3 is about the assessment process with the mental health 
clinician or multidisciplinary team. It describes the assessment inter-
view, the co-construction of a formulation, and the process of negoti-
ating an agreement about the treatment process. This chapter aims to 
help mental health clinicians to connect with the problem of functional 
somatic symptoms and to recognize their own patients in the vignettes 
describing the clinical encounter. The authors hope that these prelim-
inary clinical chapters will help mental health clinicians recognize that 
their training has actually given them the requisite clinical skill set for 
working with children with functional somatic symptoms. What is also 
needed, however, is a broadening of perspective. Brain, body, and mind 
need to be understood as deeply integrated, with stress—whether physi-
cal or psychological—having systemic effects on all of them.
Taken together, these two chapters set the stage for Part II on the sci-
ence of functional somatic symptoms and Part III on the treatment of 
such symptoms. What we hope is that the clinician will come to realize 
that by using systems (biopsychosocial) thinking—the bread and butter 
of working with children and families—to both conceptualize and treat 
functional somatic symptoms, those symptoms will, in effect, fade away. 
That is, as the dysregulated physiological state associated with severe 
stress dissipates, so will the symptoms. The authors also hope that these 
introductory clinical chapters communicate that working with children 
with functional somatic symptoms is rich and rewarding: good work 
can change people’s lives.
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Abstract  The paediatrician has a central role as a gatekeeper both in 
diagnosing functional somatic symptoms and in directing the child and 
family onto a path toward health and well-being. In addition to deter-
mining that the child’s symptoms are not caused by a disease process, 
the paediatrician provides the child and family with a positive diagno-
sis that sits under the umbrella of functional somatic symptoms. In so 
doing, the paediatrician validates the child’s symptoms; the family feel 
relieved and validated; and the child and family are ready to accept 
referral to a mental health clinician—or to a multidisciplinary team that 
treats functional somatic symptoms. In this way, the paediatrician con-
tributes to the creation of a secure base from which the child, family, and 
mental health clinician can feel safe enough to explore the various fac-
tors that contributed to the child’s presentation. By contrast, when the 
clinical encounter with the paediatrician does not go well, the distressed 
family may end up consulting doctor after doctor, health professional 
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after health professional. As time passes, new symptoms arise; the child’s 
presentation gathers layer upon layer of complexity; and the child’s 
symptoms may become chronic and more difficult to treat.
The Visit to the Doctor
When a child (including an adolescent) with functional somatic symp-
toms sees the doctor—the family doctor, paediatrician, or paediatric 
specialist in neurology, cardiology, rheumatology, or gastroenterology—
she and her family are commonly told that all the tests are normal and 
that the physical and neurological examinations are also normal. But 
the paediatrician also needs to validate the child’s symptoms (by giv-
ing a positive diagnosis), to explain that the symptoms are related to a 
temporary disturbance in body function (rather than to some serious 
disease), and to link up the family with appropriate help. When that 
all happens, the child and family are already moving along the path of 
recovery; early diagnosis and treatment are associated with good health 
outcomes (see following vignette of Amalia and summary of outcome 
data in Online Supplement 2.1).
Amalia was a 12-year-old girl who was training to be a gymnast. Eight 
months earlier Amalia had landed badly in a fall. Because of ongoing pain 
in her neck and some twitching in the muscles of her right hand, she had 
to wear a neck collar prescribed by her orthopaedist. After three months 
her symptoms had fully resolved, and she slowly returned to her gym-
nastics training. More recently, Amalia again twisted her neck in a fall. 
Although repeated medical examinations were unable to find any medi-
cal problem, Amalia continued to experience headache and fatigue. Two 
weeks later she presented to the emergency department with leg weak-
ness and an unsteady gait. Reassessment by the orthopaedic team—which 
included a blood screen, X-rays, and a head scan—led to a referral to 
the neurology team. The paediatric neurologist did a careful neurologi-
cal examination, explained that Amalia’s tests were all clear, and that the 
neurological examination indicated a functional neurological disorder 
(FND). She explained that in FND the structure of the muscles, nerves, 
and bones was all good but that the function had been disrupted. She also 
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explained that FND was commonly triggered by physical or emotional 
stress—in Amalia’s case, her fall and twisting injury—and that two-thirds 
of children with FND also suffered from comorbid pain. She described 
to Amalia and her family the neurological tests that she had done and 
how they enabled her to assess whether Amalia’s nervous system was 
intact. She told Amalia and the family that FND needed treatment and 
that, with treatment, most children recovered. She told Amalia and the 
family about the hospital’s Mind-Body Program for treating FND, run 
by Psychological Medicine. Amalia and her family connected with the 
 mind-body team, and Amalia successfully completed the standard, two-
week admission to the Mind-Body Program (daily physiotherapy, psy-
chotherapy, hospital school, and weekly family sessions). During the 
admission her walking difficulties resolved; she started on some mela-
tonin to help manage her disturbed sleep; and she learnt and began to 
implement specific strategies to manage her pain. Amalia then returned to 
school and continued working with a psychologist to improve and main-
tain her mind-body regulation strategies (see Chapters 14 and 15). No 
other contributing factors were identified in Amalia’s history.
The Paediatrician as Gatekeeper
The Need for a Clear Diagnosis: Establishing  
a Secure Base
The paediatrician acts as gatekeeper. As such, the paediatrician needs to 
take a thorough clinical history and to conduct a good physical exami-
nation; to undertake any tests that are necessary to exclude other med-
ical conditions; and to identify any concomitant medical factors that 
are part of the child’s presentation. And in the following conversation 
with the child and family, the paediatrician needs to explain that the 
child’s pattern of symptoms and signs has a name (a positive diagno-
sis)—for example, functional abdominal pain or functional neurological 
disorder—and that specific treatment is generally required, potentially 
including referral to a clinician or team that treats functional disorders. 
Online Supplement 2.1 provides the reader with more information 
about the positive diagnosis.
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As gatekeeper, the paediatrician establishes safety for both the fam-
ily and the mental health clinician. The paediatrician confirms that the 
child is medically safe—that the child does not have an organic con-
dition that needs to be treated using contemporary medical or sur-
gical interventions—and that it is safe and appropriate for the mental 
health clinician to proceed with a treatment intervention. In this way, 
the paediatrician contributes to the creation of a secure base from which 
the child, family, and mental health clinician can feel safe enough to 
explore the various factors that contributed to the child’s presentation 
(see Chapter 3). We borrow this idea from Mary Ainsworth, who noted 
how the mother can serve as a safe base, or relationship, from which the 
child can ‘explore the world … under circumstances in which danger is 
absent’ (Ainsworth 1967, p. 346), and from John Byng-Hall, who used 
the idea of safe base in working with families (Byng-Hall 1995).
The Sequelae of Diagnostic Uncertainty
If the paediatrician has not established this safe, secure base for the fam-
ily, the child and family are unable to let go of the nagging fear that 
some organic disease process may have been missed. Assailed by this 
nagging fear, the child and family will struggle to accept a referral to 
a clinician/team who treat functional symptoms within a psychological 
setting, and will find it difficult to accept a formulation and treatment 
plan pertaining to a functional rather than organic illness.
Likewise, if the mental health clinician senses the absence of an adequate 
medical assessment or if the clinician has not been provided with a clear 
functional diagnosis, the clinician will also feel unsafe or, at the very least, 
lacking a proper mandate for proceeding with treatment. Concern that the 
child has not been adequately assessed medically—and that an organic con-
dition may have been missed—may lead the clinician herself to encourage 
the family to obtain a new, comprehensive assessment, along with whatever 
tests and investigations are required. As we will see below, such additional 
referrals can contribute to a  never-ending process of doctor visits.
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Addressing Diagnostic Uncertainty Head-On
Unfortunately, there are times when the gatekeeping encounter with the 
paediatrician does not go well, as we see in the following four vignettes. 
The first vignette of Lola demonstrates that providing a positive diag-
nosis is very different from telling the child and family what the symp-
toms are not. Stating that all the tests are normal, that the symptoms are 
non-organic, that the pain is not from the heart, or that the problem 
is not asthma or not epilepsy conveys no information about what the 
problem is, and fails to recognize the child’s symptoms as real. It also 
leaves the family in a state of confusion, anxiety, and not-knowing. The 
vignette of Lola highlights that the mental health clinician may need to 
liaise with the paediatrician to ensure that this final step of the medical 
assessment process is completed.
Lola was a 13-year-old girl who presented to hospital with intermittent 
shaking in her right arm that sometimes progressed to a non-epileptic 
seizure (more generalized shaking; NES). Lola was investigated by the 
neurology team. At the family assessment interview with the mind-body 
team, Lola’s family reported that the doctor from the referring neurol-
ogy team had told them that the symptoms were not organic, not caused 
by epilepsy, and not harmful. When the first author (KK) asked the fam-
ily if Lola had been given a diagnosis, the family looked confused and 
replied that no diagnosis had been given. A phone call to the neurol-
ogy doctor, with the family present in the room, confirmed a diagnosis 
of functional neurological disorder, or FND—of which NES is a subset. 
Once the diagnosis was confirmed and then communicated to the family, 
the mind-body team could explain the implications of the diagnosis and 
elaborate the treatment that needed to be implemented. In a subsequent 
conversation, the doctor who had seen the child and family—who was 
training to be a neurologist—admitted that she had struggled to provide 
a positive diagnosis of FND because doing so made her anxious. The first 
author suggested that shadowing another neurologist—one who had mas-
tered this task—might help the training neurologist overcome her anxiety 
and become proficient in this clinical skill.
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In the following vignette of Evie, we see how a positive diagnosis allowed 
Evie to let go of the nagging thought that an organic disease process has 
been missed by all the doctors who had assessed her pain. Evie suffered 
from with intermittent pain in her chest—called precordial catch syn-
drome—which subjectively felt like a bursting bubble (Gumbiner 2003; 
University of Wisconsin–Stevens Point Health Service 2005). Precordial 
catch pain is a functional somatic symptom thought to be caused by ten-
sion patterns in muscle and fascia tissues that sit within the chest cavity. 
Until the positive diagnosis was given, Evie did not feel safe—a secure 
base had not been achieved—and she was unable to accept the referral 
to, or to engage with, the mind-body team.
Evie was a 15-year-old girl who presented with intermittent pain in her 
chest—called precordial catch syndrome. Sometimes the pain became unbear-
able and would trigger a non-epileptic seizure, or NES. Evie had had a dif-
ficult time in the health care system. In the previous hospital, where she had 
been fully and extensively investigated by multiple specialists, the doctors had 
diagnosed NES. They also gave Evie the distinct impression, however, that 
her symptoms of pain and the NES were all in her head. On her subsequent 
presentation to our hospital (and the mind-body team), Evie remained pre-
occupied with her recurring chest pains and was plagued by thoughts that 
the paediatrician’s medical assessment may have missed a disease process. For 
example, Evie spoke about her previous cardiology consult with sarcasm: ‘She 
[the cardiology fellow] did not know. She said that she thinks it is not the 
heart. So, what if the doctors don’t know? What if they have gotten it wrong?’ 
But, after a senior paediatrician at our hospital provided the diagnosis of 
precordial catch syndrome, and after Evie had read the fact sheet about that 
syndrome, she accepted both the diagnosis and the unwelcome reality that 
she would need to learn to manage the pain. With the safe base thus created 
for Evie and her family, Evie began to engage effectively with the mind-body 
team. She collaborated in the history-taking process and in  co-constructing 
a formulation (see Chapter 3), and she then got on with the task of imple-
menting mind-body strategies that enabled her both to manage the precordial 
catch pain and to avert her NES. Evie and her parents also implemented fam-
ily interventions that enabled them to resolve tensions in their relationships. 
A clear, positive diagnosis of both precordial catch syndrome and NES had 
enabled Evie both to accept the symptoms and to engage in the therapeutic 
intervention that helped her return to health and well-being.
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Premature Referrals
The third and fourth vignettes demonstrate that, when the paediatrician 
as gatekeeper refers the child too early—prior to the completion of a 
comprehensive medical assessment—and therefore fails to create a safe, 
secure base for the child, family, and mental health clinician, serious 
organic conditions can be missed, potentially leading to serious harm.
When the first author was a junior consultant—and had not yet leant to 
stand her ground when determining whether referrals had been properly 
worked up medically—she was pressured by the referring neurologist to 
fit in a family assessment for Martha, a 13-year-old adolescent. Martha 
was presenting with an unusual array of neurological symptoms, which 
the neurologist assumed to be functional. The mind-body team’s family 
assessment did not yield any particular story or pattern, even after much 
gentle, but lengthy, probing. Two days later a head scan, ordered prior 
to the referral but conducted after the family interview, revealed that 
Martha’s symptoms were caused by a brain tumour.
Ian was a 15-year-old boy referred by a general paediatrician for the treat-
ment of NES. On screening the referral, the mind-body team noticed that 
the medical workup was incomplete; the paediatrician had not done an 
electroencephalograph (EEG), the gold-standard test for distinguishing 
epileptic from non-epileptic seizures. Despite our request for an EEG, the 
paediatrician refused because she had seen the seizures events and was sure 
of her diagnosis of NES. During the family assessment interview with Ian 
and his family, the first author noted the stereotypic nature of the events 
over a period of ten years—a characteristic of epileptic seizures. After com-
pleting the interview she referred Ian for an EEG herself and briefed the 
neurology team that her provisional diagnosis was that of epileptic seizures. 
An EEG confirmed epilepsy, and an MRI showed a seizure focus—a scar 
in the brain. After surgical removal of the scar, the seizures ceased.
The Loss of Trust and the Spiral into Chronicity
As we have already seen, when the clinical encounter with the paedia-
trician goes well, it is the first, forward-looking step toward a favoura-
ble outcome. The child and family are able to take the fork in the road 
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that leads to health and well-being. We also need to track what happens, 
however, when the encounter does not go well and the child and family 
take the fork in the road that spirals into chronicity.
If the paediatrician provides no positive diagnosis and, with no adequate 
explanation, refers the child and family to a mental health clinician, the 
family may leave the doctor’s office baffled and distressed or even angry. 
Their eyes tell them that their child’s body is ill: the child is shaking, or 
having seizures, or struggling to walk, or experiencing disabling pain, or 
too exhausted to do anything. It is difficult for them to believe that the 
findings of the medical examination are normal, that nothing is wrong. If 
the paediatrician has suggested that the symptoms may be caused by emo-
tional or psychological distress, or that an emotional trauma may have 
caused the debilitating symptoms, the family may emphasize that the child 
has grown up in a loving home and that emotional trauma is not part 
of the family story. In other cases, the family may note that their child’s 
somatic symptoms started after a common infection or illness, or after a 
physical injury, sprain, fall, or bump on the head, and that no psycholog-
ical stress has occurred (see, for example, the vignette of Amalia, above). 
In any event, whereas most families see the logic of bringing in a physio-
therapist, the suggested need to bring in a mental health clinician might 
be experienced as a rejection and taken as proof that the doctor thinks the 
symptoms are not real. The child—and her parents—may feel that the 
doctor does not understand. They are likely to feel hopeless, angry, and dis-
missed (see following vignette of Samantha).
Samantha, a 10-year-old girl, lived with her father, paternal grandparents, 
and one younger sibling. As a child she had been exposed to domestic 
violence between her parents and to considerable family upheaval. At 
school, Samantha was an engaged, compliant student who had good 
relationships with her teachers and peers. At the beginning of year 5 in 
school, following a nasty viral infection, Samantha developed recur-
ring headaches that slowly became chronic, with the consequence that 
the pain in her head was constant. Two months later, Samantha began 
to experience dizziness, shaking, and jerking. Over a six-month period, 
Samantha had frequent presentations to her local doctor and her local 
emergency department. She was repeatedly examined, including via 
an EEG (to exclude epilepsy) and a head scan. She and the family were 
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repeatedly told that everything was normal, that the doctors could find 
nothing wrong. Because the problem was conceptualized as psycholog-
ical, Samantha was referred to the community mental health team for 
treatment. Since the mental health team believed that functional neuro-
logical symptoms pointed to a history of sexual abuse, they kept asking 
Samantha and her family questions whose aim was to uncover sexual 
abuse. This naturally upset Samantha and her family, who discontinued 
their contact with the mental health team after a few sessions.
Six months later the shaking and jerking culminated in non-epileptic 
seizures, or NES. A diagnosis of pseudoseizures (an old term for NES) was 
given. Samantha interpreted the diagnosis to mean that she was making 
the seizures up. On another occasion, the diagnosis of psychogenic NES was 
given. This time Samantha interpreted the diagnosis to mean that she was 
psycho (i.e., crazy). Because the seizure events were occurring many times 
a day, Samantha became wheelchair-bound. Her family insisted that 
she use the wheelchair to keep from falling and hitting her head. After 
one frightening seizure—in the ninth month of her illness—Samantha 
was taken by ambulance to the local hospital for treatment. Because the 
family refused to take Samantha home, insisting that something had to 
be done, the hospital transferred Samantha to the first author’s tertiary 
care hospital for 24-hour EEG monitoring. At the hospital Samantha 
was assessed by the neurology team—who gave Samantha and the fam-
ily a clear diagnosis of NES and chronic complex pain. The neurology 
team also told the family that these illnesses were common and that the 
 mind-body team in Psychological Medicine ran a specialized program for 
NES. With reluctance, the family agreed to meet the mind-body team 
because they were now desperate for Samantha to receive treatment (see 
Chapter 3 for this family’s clinical encounter with the mind-body team).
When the family is unable to understand or accept the diagnosis pro-
vided by the paediatrician, the child and family may simply move on 
to another doctor. And each new doctor, not knowing what else to do, 
orders the same (or even further) tests—which simply fuels the family’s 
anxiety and serves to perpetuate the child’s symptoms.
This process of never-ending doctor visits—fuelled by inadequate clin-
ical encounters—has unfortunate consequences. The anxiety experienced 
by both the family and child is likely to increase. Anxiety in parents may 
also lead to catastrophizing about the child’s symptoms and increased 
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vigilance; they begin to look out for the symptoms, to pay the symptoms 
more and more attention, and to respond to the symptoms with caregiv-
ing behaviours. This constellation of parental behaviours has the effect 
of increasing symptom intensity and frequency. Moreover, as the child’s 
parents become more anxious, so does the child. In the absence of a clear 
diagnosis, some children may worry that they never will recover or that 
they have a life-threatening illness. Anxiety is a powerful top-down acti-
vator of the stress system—further amplifying symptom intensity, increas-
ing symptom frequency, and often contributing to the generation of new, 
additional functional somatic symptoms. The children’s book Malte and 
Malte’s Stomach has beautiful illustrations about the child and family’s jour-
ney through the medical system (Toscano 2016).
As time goes on, the somatic symptoms will begin to impair the 
child’s functioning. The child will miss school and stop exercising. 
Connections with friends, as well as all the benefits that these rela-
tionships provide, will deteriorate. With social isolation and a progres-
sively sedentary lifestyle that leads to deconditioning, a range of body 
systems will become more dysregulated and shift even further toward 
a non-healthy brain-body state. With each shift, the child will become 
sicker and sicker, and may develop new symptoms—a vicious cycle 
of ever-progressing illness. At this point, much will need to be done 
to help the child regain her physical well-being and conditioning. 
Eventually, even if emotional symptoms had not been part of the child’s 
original presentation, the child may become very distressed, and her 
mood may be affected. In addition, her sleep may now be disturbed, 
with the consequence that she experiences no relief from the symptoms 
day or night.
Family interactions will also have changed. The child is now discon-
nected from her life outside the family and overly connected—in a way 
that is not appropriate to developmental stage—with one or both par-
ents and with any siblings in the family who have adopted a caregiving 
role. The situation pushes the child into a sick role and also changes the 
parents’ behavioural expectations for their child. These patterns of relat-
ing together, where the child signals her symptoms and distress, and the 
parents respond to the signalling, will have stabilized into a pattern that 
is difficult to break and that creates a barrier to getting well. Additional 
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work will be needed to help the family change their patterns of relating, 
and to adopt ones that promote the recovery process.
Working in a children’s hospital, we have seen many children and 
families who have walked this complicated pathway, the spiral to 
chronicity, because they were unable to find (or in some cases, accept) 
help within the existing medical system.
Going from Doctor to Doctor: How a Child Can 
Collect Multiple Diagnoses
If the child’s functional somatic symptoms disrupt function in multi-
ple body systems and if the child and family end up seeing a number 
of doctors—each with a specialty oriented toward a particular body 
 system—the child may accumulate many specialty-specific positive 
functional diagnoses from different specialists, which can seriously con-
fuse the family (see vignette of Paula, below). If the doctor is unable to 
explain that these diagnoses are interrelated and that they all sit under 
the umbrella of functional somatic symptoms, then the family will 
remain confused.
Eleven-year-old Paula, in year 5 at school, fell while playing soccer and 
was diagnosed with a hairline fracture in the lateral epicondyle of the 
right femur that caused severe pain in the knee. The fracture healed, 
though Paula continued to experience intermittent pain. She found it 
difficult to sleep, and as time went on, even a bump to the leg near the 
knee would cause pain that lingered for weeks, often requiring the use of 
crutches. That same year, Paula’s maternal grandfather—with whom she 
was very close—was diagnosed with cancer; his visible physical decline 
was an ongoing stress.
Two years later, an orthopaedic surgeon diagnosed Paula’s problem as 
chronic regional pain syndrome (CRPS Type 1). On an outpatient assess-
ment, our hospital’s Pain Team rejected the diagnosis of CRPS and used 
the terms chronic pain or complex pain to describe the problem. With 
weekly physiotherapy and hydrotherapy, both the pain and Paula’s walk-
ing got better. During that year, however, Paula’s paternal grandfather—
whom Paula did not know well—died from cancer. And, given that her 
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maternal grandfather’s health continued to deteriorate, the death was a 
distressing reminder that he was dying, too.
A year later (year 8), Paula was bullied at school. Again, her sleep 
became disturbed. And after one particular instance of bullying—being 
pushed while trying to close a door—she developed left arm weakness 
and pain. Later that same year, over a period of months, Paula developed 
bilateral weakness in the legs, a persistent headache, and musculoskeletal 
pain that migrated all over her body; the pattern of pain kept changing 
over time. As Paula became less and less mobile, and spent more time in 
her bed, she developed symptoms of dizziness—especially on standing up 
from bed—and fatigue, as well as intermittent nausea, abdominal pain, 
and loss of regular bowel motions. Sometimes her body lost control: her 
heart thumped, she sweated, and she felt breathless and faint. The symp-
toms were worse when the stress at school was worse, and they remitted 
when the stress eased. During this time, Paula’s parents took her to see 
many different specialists for her various symptoms. In the respective 
specialist reports, the neurologist presented a diagnosis of FND; the psy-
chiatrist, conversion disorder and generalized anxiety disorder; the gastro-
enterologist, functional gut disorder; and the rheumatologist, amplified 
musculoskeletal pain syndrome (Sherry 2000) and probable postural 
orthostatic tachycardia syndrome (POTS) secondary to physical decondi-
tioning (Wells et al. 2018).
At the first author’s hospital, the Pain Team continued to see the prob-
lem (as per its initial assessment) as chronic or complex pain accompanied 
by intermittent functional neurological symptoms, but the Pain Team 
also recognized that Paula was becoming progressively more debilitated; 
effectively bed-bound, she was unable to mobilize around the house for 
more than five minutes at a time. The family, now very worried about 
Paula’s fatigue, had begun to wonder if Paula might also be suffering from 
chronic fatigue syndrome.
Because of Paula’s progressive debilitation, the Pain Team referred her 
for admission to the hospital’s Mind-Body Program. In the weeks prior 
to initial assessment by the mind-body team, Paula developed another 
new symptom—intermittent loss of vision in the left eye—and an oph-
thalmologist told the family that the problem was non-organic. During 
the assessment itself, it became apparent that the profusion of diagnoses 
made the family confused and gave them the impression that Paula—now 
15 years of age and in year 9—was suffering from a combination of disor-
ders from which recovery was unlikely.
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To overcome the confusion that multiple medical diagnoses can cre-
ate, some researchers and clinicians have suggested the use of a unifying 
diagnosis, such as bodily distress syndrome (or disorder ) (for references see 
Online Supplement 1.1). The key problem is that this unifying termi-
nology is not currently integrated across the two key diagnostic systems, 
the International Classification of Diseases and Diagnostic and Statistical 
Manual of Mental Disorders (for more detail about terminology, see 
Online Supplement 1.1). In this book we have chosen the term func-
tional somatic symptoms as the unifying term for the broad range of func-
tional somatic symptoms that we see in our child and adolescent patients 
(see Fig. 2.1). For a description of our use of the term, see Chapter 1.
The Problem That Multiple Specialty-Specific 
Diagnoses Pose for Professionals
Specialty-specific diagnoses also pose problems for professionals, poten-
tially compromising their ability to communicate with each other and 
to provide mutually complementary care. Specialists from one spe-
cialty (e.g., neurology) may not be up to date with the specialty-specific 
Fig. 2.1 The wide-ranging functional diagnoses that fall under the umbrella 
term functional somatic symptoms (© Kasia Kozlowska 2019)
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diagnoses used by their colleagues from other fields (e.g., gastroenterol-
ogy). Specialist also tend to work in a blinkered sort of way—address-
ing problems pertaining, for example, only to the gut, nervous system, 
heart, or ear, nose, and throat. Consequently, when a specialist makes 
a functional diagnosis related to his or her particular medical specialty, 
the specialist may not even recognize the diagnosis as being functional, 
may fail to make links to, or even inquire about, potential symptoms in 
other organ systems, or may fail to communicate the interrelated nature 
of all functional diagnoses to the child and the family.
The vignette of Louisa (below) demonstrates how the phenomenon 
of specialization within modern medicine—and the loss of holistic 
care—can also create confusion between specialists, and how difficult 
it can be, even for teams who work in the field of functional somatic 
symptoms, to reach conceptual clarity. The vignette is also a good exam-
ple of a system intervention that takes place within the health care sys-
tem—to build a common way of thinking about the child’s problems 
between all the professionals involved in a child’s care.
When referred to our Mind-Body Program, Louisa, an 11-year-old girl 
in year 6 at school, was experiencing symptoms of anxiety, depression, 
fatigue, disturbed sleep, and buzzing in the left ear that was described in 
the referral letter as tonic tensor tympani syndrome. Louisa had a long 
history of separation anxiety and intermittent functional abdominal pain, 
which had been worse when Louisa was bullied in year 4. When Louisa’s  
first ear, nose, and throat specialist and his team were unable to treat her ear 
problem effectively using various recommended therapies for tinnitus (for 
references see Online Supplement 1.3), she proceeded to be seen by a long 
series of other ear, nose, and throat specialists and pain specialists, each of 
whom had issued a specialty-specific diagnosis. A second ear specialist had 
diagnosed tinnitus, another hyperacusis, and a pain specialist had used the 
diagnosis of chronic ear pain. Nevertheless, despite the long list of medical 
consultations, Louisa’s health and function had not improved.
Our review of Louisa’s medical history suggested that her sensitivity to 
sound and her pain in the ear were consistent with a functional disorder. 
In this context, we read the neuroscience literature about tinnitus and 
discovered that in cases where tinnitus—which is uncommonly reported  
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by children presenting to our program—is not associated with any dam-
age in the auditory apparatus, it is associated with increased activity in 
the brain stress systems (see Chapter 11), a finding that parallels those in 
other functional disorders (see Chapter 11).
With this information in hand, and through a series of telephone calls 
over a two-week period to each of the health professionals previously 
involved in Louisa’s care, we all came to the same conclusion (though 
only after considerable probing by the mind-body team): despite the 
different terminology and what appeared to be ongoing disagreements 
about what exactly was happening to Louisa, all the specialists agreed 
that Louisa’s various symptoms and difficulties were best conceptual-
ized under the umbrella of functional somatic symptoms with comorbid 
anxiety.
In the above vignettes of Paula and Louisa, we see that the medical pro-
fessionals had focused narrowly on what they saw as specialists, and that 
all had generated specialty-specific diagnoses and treatment recommen-
dations. What they had all failed to recognize was that the symptoms 
that they were focusing on were interconnected not only with other 
functional somatic symptoms but with other stress-related disorders, 
such as anxiety, depression, and post-traumatic stress disorder.
Putting It All Together
One way of understanding the myriad terms that doctors have used 
to talk about functional somatic symptoms—both now and in previ-
ous eras (for a terminological history reaching back to Ancient Greece, 
see Online Supplement 1.1)—is through the parable of the blind men 
who tried, each through a single touch, to determine the true nature 
of an elephant. Depending upon the specific part that each had access 
to, the elephant was considered to resemble, for example, a snake 
(trunk) or fan (ear) or rope (tail) or wall (body) or tree (leg). In much 
the same way, each set of terms that has been used, over time, to refer 
to functional somatic symptoms reflects some portion of the truth 
(Fig. 2.2).
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The Role of the Support Group
The use of speciality-specific diagnoses has led to the growth of support 
groups for specialty-specific conditions. Some of the children and fam-
ilies who present for assessment and treatment of functional somatic 
symptoms will have searched the internet for information and will have 
accessed support from such groups. Our clinical experience is that some 
support groups are primarily health focused and serve to support the 
child and family with the process of getting well. Other support groups 
are symptom focused, however, and by focusing on symptoms—rather 
than the process of getting well—these groups may lead the child and 
family further down the spiral into chronic illness.
Fig. 2.2 The parable of the seven blind men and the elephant. This parable 
comes from the Indian tradition, where it was used to highlight the multi-sided, 
multifaceted nature of truth. This particular image is taken from Siddhasena’s 
Sanmatitarkaprakaraṇa (1986), an Indian text from the fifth cen-
tury. [Siddhasena Divākara, Jayasundaravijaya, and Abhayadeva. (1986). 
Sanmatitarkaprakaraṇa (Prathamāvr̥tti ed.). Dhoḷakā, Gujarāta: Divyadarśana 
Ṭrasṭa.] (Source Romana Klee via Wikimedia Commons CC-BY-SA)
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An additional problem is that many support groups are made up pre-
dominantly of patients whose symptoms have become chronic and who 
have, in effect, had to adjust to and accept the experience of being chron-
ically unwell. Those who have gotten well have returned to their ordinary 
lives and have no need of ongoing support. Consequently, if a child and 
family make contact with such a support group when the child first pre-
sents, the child will get the erroneous message that the condition is always 
chronic. This erroneous message, in and of itself, will affect the child and 
family’s expectations, and will make it less likely that the child will return 
to health and well-being (see Chapter 12 for a discussion of expectations).
In sum, families face ongoing challenges in managing and assessing 
the information that they and their child might obtain via the internet 
or via support groups. Just how they address these challenges will con-
tinue to affect the child and family’s willingness and capacity to engage 
effectively with mental health professionals.
* * *
In this chapter we have discussed the important role of the paediatrician 
(or other doctor)—as gatekeeper—in both diagnosing functional somatic 
symptoms (a positive diagnosis) and in referring the child and family for 
appropriate treatment. As gatekeeper, the paediatrician establishes safety 
for both the family and the mental health clinician. The paediatrician 
confirms that the child is medically safe and that it is safe and appropriate 
for the mental health clinician to proceed with a treatment intervention. 
In this way, the paediatrician contributes to the creation of a secure base 
from which the child, family, and mental health clinician can explore the 
various factors that contributed to the child’s presentation (see Chapter 3).
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Abstract  The clinical encounter with the mental health clinician—
or multidisciplinary team—typically begins in the family assessment 
interview, where engagement and rapport building between the clini-
cian and the family take place through a series of therapeutic processes. 
First comes the process of generating a narrative. The child or adoles-
cent and family present, roughly chronologically, the family genogram 
(which gives a bird’s-eye view of the family story across three genera-
tions), the child’s developmental history, and the story of the child’s 
symptoms. This process provides the clinician with key information: the 
story of the family’s adverse experiences and those of the child (ACEs); 
how the family and child managed such experiences; and a working 
understanding of the factors that have shaped the child’s stress system. 
This therapeutic conversation also provides the child and family with 
the experience of being listened to and heard. Second comes the pro-
cess of co-constructing a formulation: the narrative told by the child 
and family is framed through the lens of the stress-system model. Thus 
3
The Family Assessment Interview: The 
Narrative, Formulation, and Discussion 
of Treatment Options
© The Author(s) 2020 
K. Kozlowska et al., Functional Somatic Symptoms in Children 
and Adolescents, Palgrave Texts in Counselling and Psychotherapy, 
https://doi.org/10.1007/978-3-030-46184-3_3
Electronic supplementary material The online version of this chapter  
(https://doi.org/10.1007/978-3-030-46184-3_3) contains supplementary material,  
which is available to authorized users.
38     K. Kozlowska et al.
interpreted within the neurobiology of brain, body, and mind, the 
child’s symptoms take on new meaning. They come to be understood by 
the child and family as reflecting activation or dysregulation of the stress 
system in response to physical and psychological stress. Third come the 
discussion and rationale regarding the mind-body interventions that are 
needed to target the identified areas of dysfunction. Fourth comes the 
therapeutic contract. Once the family interview has been completed—
and rapport and a shared understanding of the problem have been 
established—the clinician and family are in a good position to work 
together as a team to enable the child to get back on the road to health.
The Family Assessment Interview
For the mental health clinician, the family assessment interview is usu-
ally the first encounter with the child (including the adolescent) present-
ing with functional somatic symptoms and with her family (Kozlowska 
et al. 2013). Some children and families will come to the assessment in 
the wake of a positive experience within the health care system. They will 
have seen a doctor or paediatrician who completed the medical assess-
ment with skill and empathy, and who, in a timely manner, provided the 
child and family with a clear diagnosis and explanation. In this scenario, 
the paediatrician has already created a secure base from which the child, 
family, and mental health clinician can feel safe enough to explore the 
various factors that contributed to the child’s presentation (see Chapter 
2). These families will come to the family interview with an open stance 
keen to do whatever is necessary to help the child get better.
Other children and families will come to the assessment in the wake 
of a negative experience within the health care system (see the vignette 
of Samantha in Chapter 2). They will have seen a doctor or paediatrician 
who did not understand functional somatic symptoms, who was irri-
tated by them, or who felt too anxious to give a positive diagnosis and 
talked only about the diagnoses that the child did not have (diagnoses 
of exclusion). Alternatively, the child and family may have experienced 
throwaway remarks made by an ambulance driver, nurse, or acci-
dent and emergency doctor who perceived the symptoms as not being 
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part of ‘real medicine’ (see the vignette of Samantha in Chapter 2). 
In this scenario, the child and family may have been knocked about 
in the medical system and may bring with them memories of negative 
interactions with health care providers, as well as experiences of feel-
ing unheard, dismissed, or even derogated (see Text Box 3.1). They will 
come to the family interview with a defensive stance, ready to defend 
the child or themselves from further put-downs. The secure base from 
which the child, family, and mental health clinician can feel safe enough 
to explore the various factors that contributed to the child’s presentation 
has yet to be established.
Text Box 3.1. Examples of derogatory comments made by health 
care workers—Reported by families to the first and third authors’ 
clinical teams, or reported in the literature
‘They are false seizures’
‘She’s faking it’
‘Stop looking for attention’





‘Leave her at home on the bed and let her have it [the episode]’
‘The problem is supratentorial’
‘It’s all in the head’
‘He’s doing his dying-swan act again’
‘I know you’re are faking it; snap out of It’
‘Life is a bucket of shit; put a lid on it’
‘Wanting attention from mummy and daddy’
‘Waste of government time and funding’
‘I am grabbing my coworker and walking out’
 ‘To save her [the patient] the embarrassment, I will take her [in the 
ambulance]’
‘Time wasters’ (Worsely et al. 2011)
‘Fakers’ (Worsely et al. 2011)
‘Should be shot’ (Worsely et al. 2011)
To make things more complicated, the family may find the family 
assessment interview challenging for other reasons. The interviewer may 
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touch upon events that the family would prefer to leave in the past. 
The interviewer may see temporal connections between events in the 
family story and patterns of response in the child’s body—phenomena 
that may have, to date, been uncoupled and that, in some cases, the fam-
ily would prefer to remain that way. Connecting the story of the child’s 
body to the story of the challenges and adversities in her life can be dif-
ficult and emotionally painful. Because families differ in their inherent 
capacities and preparedness to manage the interview process and to make 
connections between the family story and the story of the child’s body, 
the process of generating a narrative—and engaging with the family—
may be straightforward, fraught with difficulty, or anywhere in between.
In this context, establishing rapport—the therapeutic relationship—
and a secure base with the child and family should be considered the 
primary goals of the family assessment interview. The clinician (or in 
some settings, the multidisciplinary team) needs to engage the child and 
family, and to connect with them in a constructive way that looks to the 
future. While the first interview with the child and family can be set up 
and run in many different ways—the way we run the interview being 
just one possible way (Kozlowska et al. 2013)—the sections below high-
light some key elements. The overarching goal is to increase the proba-
bility that the assessment process will set the stage for the child, family, 
and clinician to work together with ‘mutual confidence, respect and 
acceptance’ (Sattler 1992, p. 404). For a discussion of different assess-
ment formats, see Online Supplement 3.1.
When Repair Is Needed
When the family steps into the clinic room, the clinician can make no 
assumptions about the family’s experience through the health care sys-
tem. To highlight just how difficult the situation might be, we pick up 
the story of Samantha (see Chapter 2). In the normal course of events, 
any repair pertaining to adverse experiences in the health care system 
takes place as part of the normal assessment process (see following sec-
tions). Samantha’s story highlights how the repair process may need to 
take priority and may need to be dealt with upfront.
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Samantha entered the clinic room with her father, younger brother, and 
paternal grandparents (who lived with the family). They were glaring at 
the clinician—and other members of the multidisciplinary team—with 
hostility, and Samantha’s father stated outright, ‘There is nothing wrong 
with our family, and we won’t be answering any of your stupid questions.’ 
It was clear from the outset that the family were hurt and angry, and that 
the assessment interview could not proceed in the usual manner. In this 
context, the clinician made a statement acknowledging that many fami-
lies whose child was seeking treatment for non-epileptic seizures (NES) 
had reported horrendous experiences in the medical system. She invited 
Samantha and her family to tell her what had happened to them.
Samantha wept with anger as she recounted how different profession-
als had treated her. The ambulance officer had sternly told her, ‘Stop it! I 
know you’re putting it on.’ The emergency department doctor had taken 
her father aside and told him that ‘Samantha is faking it.’ A nurse had 
told Samantha that life was a ‘bucket of shit’ and that she should ‘put a 
lid on it’. The paediatrician who examined her concluded that the sei-
zures—he called them pseudoseizures and said they were psychogenic—
functioned as a means of avoiding school. Samantha’s impression was that 
the paediatrician thought she was not quite right in the head. When the 
family was subsequently interviewed by the local mental health service, 
they were grilled in an effort to elicit a history of sexual abuse.
The clinician (and team) listened to the above story—calmly, patiently, 
and with no effort to hurry it or avoid the unpleasant details. Gravely, 
and with sadness, the clinician told the family that most medical and 
paramedical staff knew little or nothing about NES because this area of 
medicine had been largely neglected. The clinician then explained that 
the word pseudoseizure referred to the fact that NES could look just epi-
leptic seizures but that on the electroencephalogram (EEG) they did not 
have the signature spike pattern of epilepsy. So, the word pseudo did not 
mean fake. It just meant not epileptic. The clinician also explained that the 
word psychogenic was still used by some neurologists and others because—
in the past—it had been thought that NES were psychological in origin. 
But now we know better. NES are caused by stress on the body and brain. 
The stress could be physical (e.g., an illness or pain) or psychological (e.g., 
bullying at school, stress in relationships, or painful or stressful memories 
about past events). For this reason NES have also been referred to as stress 
seizures. They were very common, and the team saw a new patient with 
NES every one or two weeks.
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Now, Samantha and her family were listening.
The clinician also told Samantha that the words malingering and facti-
tious, referred to people who were putting it on. But neither of these words 
applied to Samantha. Her diagnosis was NES and chronic/complex pain.
At this point in the interview, an hour had passed, and the clinician 
decided to offer the family a formulation based on the information that the 
family had offered on their own, without being directly asked. The clini-
cian began the formulation from the most biological factor that she could 
identify since the family had expressively communicated that they found 
discussion of family issues difficult. The clinician said that from what the 
family had told her, it seemed that several biological factors were contrib-
uting to Samantha’s NES. First, Samantha had reached puberty, and it was 
well known that female sex hormones increased risk for NES. In all availa-
ble studies, females have been more prone than males to develop NES. The 
reason is that female stress hormones up-regulate the stress system, which is 
made up of the various brain-body systems that activate in response to stress.
Second, the clinician had noticed that Samantha had been breathing 
very fast during the assessment, at 28 breaths or more per minute. The 
clinician said that some kids hyperventilated when their stress systems 
were switched on. She explained that in a study that the team had com-
pleted, 50 percent of the children with NES triggered their symptoms 
with hyperventilation. The family told the clinician that they had also 
noticed that Samantha hyperventilated. The grandfather said that he was 
always telling her to calm herself down.
Third, the clinician—a doctor—asked Samantha if it was OK if she 
felt her neck and back for any tension patterns. This examination elicited 
significant discomfort and identification of trigger points in the muscles 
of the neck and shoulder region (for references see Online Supplement 
1.3). Everyone could see Samantha’s response to the palpation of her 
tense muscles. The clinician told Samantha and the family that chronic 
tension in the muscles of the head and neck contributed to chronic head-
ache and needed to be addressed if Samantha’s headache was to get better.
Fourth, Samantha had been suffering from chronic pain. The clinician 
noted that pain can also up-regulate the brain-body stress systems and con-
tribute to NES. The family nodded and said that Samantha had been in a 
lot of pain and that they had noticed that the pain made her distressed.
At this point in the interview the family volunteered yet another stress. 
They said that the Samantha had been very traumatized by her mother’s 
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violent outbursts and that memories of that trauma continued to play on 
her mind. When these memories were triggered, Samantha was unable to 
sleep, and the family thought that this lack of sleep could also be contrib-
uting to her NES.
The clinician confirmed that both the trauma-related memories and 
the lack of sleep functioned to up-regulate the brain-body stress systems, 
making Samantha even more prone to NES.
The team then offered the family either a place in the inpatient 
 Mind-Body Program or, if they preferred, outpatient therapy in their 
local community (in which case the Mind-Body Program could serve as a 
backup). Samantha was relieved that the NES could be treated. The fam-
ily chose the outpatient option. The team did a careful handover of the 
case, and Samantha—after some hard work with her psychologist—re-
turned to health and well-being.
The Narrative: Building a Therapeutic 
Relationship via the Storytelling Process
In the normal course of events—when the usual interview structure can 
be used—the therapeutic relationship can be built via the storytelling 
process. For the first author (KK) and her team, the storytelling pro-
cess begins with the construction of the family genogram. The geno-
gram gives a bird’s-eye view of the family story across three generations. 
It identifies the family medical history, mental health history, and key 
family events, including births, deaths, separations, feuds, illnesses, and 
hospitalizations, along with their impact on the child. As the interview 
progresses, it is the clinician’s job to make sure that key family events 
that were identified in the genogram are woven into the fabric of the 
narrative. The genogram brings into focus—through visual representa-
tion—key points in the family story that may need to be further dis-
cussed (McGoldrick et al. 2008). For example, if the genogram shows 
that the child’s parents separated when the child was five, then—when 
the story reaches age five, and if the family fails to mention the separa-
tion—the interviewer needs to ask a question about the separation and 
its impact on the child and family.
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Once the genogram is complete, the clinician conducting the inter-
view asks the family to tell the story of the child’s development and 
her symptoms. The clinician tracks the child’s story in temporal order, 
starting with a brief account—usually from the child’s mother—of 
the child’s early developmental history, starting from conception. Was 
the child a planned child? How was the pregnancy? Was the fam-
ily generally doing well, or was it, for example, conflicted, disrupted, 
or unsettled, during the pregnancy? Did the delivery go well? Did 
 self-regulation milestones—feeding, sleeping, settling, connecting with 
others—go well in the first year of life? Were other milestones normal? 
Was the family doing well also? Did the child have any separation anx-
iety as a preschooler? What was she like in the preschool years? Did she 
make friends? Were there any family events or health issues? And so 
on, and so on. In the normal course of events, the family will take over 
the telling of the story, with the interviewer asking the odd question, 
to help the family think about the manner in which the child and her 
body responded to family events.
As the story moves into the school years, the clinician involves the 
child—and siblings—in the storytelling process more and more. From 
the time that the child attended preschool or kindergarten, the clini-
cian tracks the story by school years to scaffold the child’s memory and 
to anchor life events in the context of school years marked by specific 
teachers, classes, or classroom friends. At some point, the story merges 
into the story of the child’s functional somatic symptoms. Throughout 
the storytelling process, the clinician maintains the story’s temporal 
order—‘put that on hold, we haven’t gotten to year 5 yet’—and encour-
ages the child to tell as much of the story as possible. Along the way, 
the clinician obtains additional details about the symptoms and asks 
questions that connect the symptoms to the context in which they 
occurred—to the year at school, to any important events at school, at 
home, or in the broader family or social context, and to the family’s 
experience with the medical system. The questions help the family—
while they are telling their story—to make connections between the 
child’s symptoms and context.
The storytelling process has a number of important functions. First, 
the family need to know that their concerns have been heard and that 
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the clinician fully appreciates the child’s clinical presentation and the 
worries about the child’s health. Being heard and being understood 
are particularly important for families who have been dismissed by the 
health care system. It is common for these families to have experienced 
distress in their efforts to obtain health care, and these adverse experi-
ences need to be heard and acknowledged, enabling the events to be put 
into the past so that healing can take place.
Second, the story needs to include sufficient details about possible 
adverse childhood experiences (ACEs) that took place before the child’s 
symptoms began to appear. This information is essential if the inter-
viewer is to put together a picture—from the perspective of the child’s 
body—of the factors that have shaped the child’s stress system over time.
Third, the story needs to include sufficient details about the child’s 
symptoms and the associated medical investigations. Only against that 
background can the interviewer be confident that the requisite medical 
assessment is complete and be in a position to think about the symp-
toms from a neurobiology perspective (see Chapters 4 –12). In a multi-
disciplinary team, the clinician with a medical background is likely to 
be best suited to pursue this aspect of the assessment.
Fourth, using the child’s body as the beacon, the interviewer needs to 
ask questions about the symptoms that help build a context around the 
symptoms: what was happening in the child’s life when the symptoms 
arose? The process of context building is facilitated if the clinician has 
helped the family tell the story in temporal order, enabling the symp-
toms to be ordered along a time line that also marks other events in 
the child’s and family’s lives. In this context, the clinician needs to keep 
control of the temporal order of the interview, asking family members 
to put information on hold, until the correct time frame is reached in 
the storytelling process. Maintaining the time line is crucial in helping 
the family make connections—in making meaning—between events in 
the child’s life and the child’s symptoms. Most families compartmental-
ize and medicalize the symptoms, and fail to connect them with the dis-
tress associated with adverse life events. Through this process the story 
often shifts from a story of the symptoms to a story of how the child’s 
body responded—via the symptoms—to various events in the child’s 
and family’s life stories.
46     K. Kozlowska et al.
Fifth, if the child’s symptoms are longer-standing rather than acute, 
the interviewer needs to determine how the child and family have been 
managing or adapting to the illness, including such matters as the atten-
tion given to the symptoms and the impact of the illness on school 
attendance, physical activity, and engagement with peers.
We see all of these factors at work in the following case study of 
Paula, the 15-year-old bed-bound girl with a four-year history of func-
tional somatic symptoms whom we first met in Chapter 2.
Case Study: Paula
Establishing a Therapeutic Relationship
The hospital’s Pain Team referred Paula to Psychological Medicine, to 
be assessed for admission into the Mind-Body Program run by the first 
author.
Paula came to the family assessment interview with her older brother 
and her parents. The interview took two hours and involved construc-
tion of a family genogram (including medical history across three gen-
erations), the family telling the story of Paula’s development and Paula’s 
symptoms, the formulation, and a conversation about a treatment con-
tract for the mind-body admission.
The genogram signalled that the family constellation was uncompli-
cated, that there was a history of terminal cancer on both sides of the 
family, and that Paula and her brother were very close to the maternal 
grandfather, who was dying. There was also a mental health history on 
the mother’s side of the family (see Fig. 3.1), signalling a potential risk 
for Paula. The interviewer noted that the illnesses of both grandfathers 
in a time frame that intersected with Paula’s own illness would need to 
be woven into the family story, as would the impact of those illnesses 
not only on Paula but on the family. The interviewer also noted that the 
miscarriage that had occurred before Paula had been conceived, cou-
pled with Paula’s need to be admitted to the neonatal intensive care unit 
(NICU) after she was born—may have set up a dynamic in which Paula’s 
mother was acutely sensitive about health issues that came up with Paula.
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The storytelling processing itself, as briefly summarized above, began 
with a question about Paula’s conception. Everyone laughed and said 
that Paula was a very wanted baby. Paula’s mother was asked briefly 
about the pregnancy and delivery. Paula had been a premature baby 
(30 weeks gestational age) and had spent one week in the NICU. On 
discharge from the NICU and in the first year of life, Paula had been 
able to regulate in terms of sleeping, feeding, and eating (breastfed for 
two years). She had demonstrated short-lived separation anxiety on 
going to preschool at three years of age.
The family gave the story clearly, and they conveyed the sense that 
everything had been tracking well right into primary school. As school 
came into focus, the interviewer suggested that Paula should now be 
able to access memories; progressively, and assisted when necessary by 
her parents and brother, Paula became the main storyteller. Paula related 
that she had been a physically active school-age child who enjoyed 
the outdoors. Although she always had some difficulties with making 
friends, she managed to maintain a friendship group who, like her, were 
interested in reading and in writing scripts for movies and plays. The 
interviewer then tracked Paula’s health concerns by using her body as 
a beacon. In addition to asking detailed questions about Paula’s symp-
toms, the interviewer made sure that the family saw how the symptoms 
were related to the context in which they had occurred (e.g., physical 
injury, illness concerns regarding the two grandfathers, and bullying).
Fig. 3.1 Paula’s genogram (© Kasia Kozlowska 2019)
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When Paula told about the fracture in the lateral epicondyle of her 
right femur—at 11 years of age (year 5 in school)—the interviewer 
commented, ‘Physical injuries are a stress for the body, so the fracture 
was the first major stress that your body had to deal with.’ When Paula 
teared up when her maternal grandfather’s illness was mentioned, the 
interviewer took time to explore the impact of the illness on all mem-
bers of the family. When Paula teared up again when alluding to the 
bullying at school, the interviewer asked her to describe the bullying in 
detail to make sure that everyone in the family was aware of the extent 
of her distress. The interviewer also asked for details about how Paula’s 
body had responded to the bullying. At the appropriate moments in the 
story, the interviewer interwove questions about the death of the pater-
nal grandfather, the deteriorating health of the maternal grandfather, 
and the emotional responses of the family. The emergence of multiple 
symptoms—limb weakness, persistent headache, intermittent abdominal 
pain, and musculoskeletal pain that migrated all over her body—sug-
gested that Paula’s body had not been coping with the cumulative stress. 
Then the interviewer tracked the family’s interactions with the medical 
system, their increasing anxiety and confusion pertaining to the many 
different diagnoses given by different medical specialists (see Chapter 
2), the efforts by Paula and the family to manage her symptoms, Paula’s 
being bullied at school, and her increasing functional impairment. 
Finally, taking into account Paula’s decreased exercise and her with-
drawal to her bed, the interviewer tracked symptoms of autonomic dys-
regulation and fatigue, as well as the emergence of panic attacks.
Co-constructing a Formulation
During the assessment process the ongoing effort to consolidate the 
therapeutic relationship continues via the process of co-constructing the 
formulation. In this context, the narrative told by the child and family is 
framed through the lens of the stress-system model (see Chapters 4–12). 
What happens, in effect, is that the story told by the family (i.e., what 
the child and the family know) is melded together with the meaning 
of that story from the perspective of the body (i.e., what the clinician 
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knows). The two narratives, brought together, merge into a new, shared 
formulation. In the case of Paula and her family, the formulation was 
both articulated verbally and shown visually using visual metaphors. 
This example shows how the clinician (KK) went about the process of 
weaving the family story into a formulation picking up on the issues 
that she (the clinician) had marked as being relevant (and that, along 
with many other issues, will be discussed in much more detail in Part II 
on the neurobiology of functional somatic symptoms).
The formulation, which incorporates material that the reader will 
encounter in Part II, went as follows:
Thank you all for telling us the story of the symptoms so clearly. So now 
let me share with you my understanding of Paula’s symptoms. Even 
though Paula’s presentation is very complex, all of Paula’s symptoms reflect 
activation and dysregulation of the brain-body stress systems. The stress 
system includes all the systems in the brain and body that activate when 
the body senses threat and danger. The body does not distinguish between 
stress that is physical (like Paula’s epicondyle fracture and the physical bul-
lying that Paula experienced) and emotional stress (like the verbal bullying 
that Paula experienced and her distress about her maternal grandfather’s 
illness and physical deterioration). The body responds to all types of stress 
with activation of the stress system. So, I am going to draw the stress sys-
tem for you (circles metaphor of the stress system; see Fig. 3.2).
First, the bottom circle represents the hypothalamic-pituitary-adrenal 
(HPA) axis. The HPA axis activates with stress. It uses signal molecules—
hormones—to communicate. The final product of activating the HPA 
axis is the release a stress hormone called cortisol. Cortisol is involved in 
energy regulation and adaptation to stress. It ensures that the body sys-
tem has sufficient energy resources to deal with the stress. We know that 
Paula’s HPA axis got switched on because activation of the HPA axis dis-
turbs sleep. And Paula described really clearly how her sleep was disturbed 
both after the fracture and at the time of the bullying. Cortisol also facili-
tates stress responses in the brain, which we shall talk about in a bit.
The coloured circles on the left represent the autonomic nervous  
system—another component of the stress system (circles metaphor of the 
stress system; see Fig. 3.2). The autonomic system regulates body arousal 
on a second-by-second basis. It regulates all the organs inside the body,  
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including the heart. Let me show you [the interviewer draws and 
explains the functional diagram of the autonomic system and the symp-
toms associated with its activation; see Fig. 6.1]. We know that Paula’s 
autonomic system is activated and dysregulated because the diagnosis 
of postural orthostatic tachycardia syndrome (POTS) (see Chapter 6)  
involves too little blue/restorative-parasympathetic activity (allowing 
heart rate to increase) and too much red/sympathetic activity (through 
which heart rate increases even more on standing). This is why Paula feels 
dizzy when standing up. And Paula’s symptoms of nausea are activated by 
the purple/defensive parasympathetic, which switches on the gut’s defen-
sive programs, including the nausea program. The loss of regular bowel 
function also shows that the blue/restorative parasympathetic is not work-
ing well and that the red/sympathetic is switched on too high: the red/
sympathetic switches off the gut and can cause constipation.
Now here things get even more complicated. The red/sympathetic sys-
tem works hand in hand with the motor respiratory system (part of the 
motor system, the pink ball in the circles metaphor of the stress system; 
Fig. 3.2 Circles metaphor of the stress-system model for functional somatic 
symptoms. Online Supplement 4.4 depicts a version of the circles metaphor that 
can be printed out (© Kasia Kozlowska 2013)
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see Fig. 3.2). During the interview—when Paula got teary—I counted 
her respiratory rate. It was 35 breaths per minute. This means that when 
Paula’s body gets aroused—when the sympathetic system gets switched 
on—she also switches on the respiratory muscles, and she hyperventi-
lates (as confirmed later on a hyperventilation challenge; see Fig. 3.3). 
Activation of the sympathetic system (which causes the heart to thump 
and the sweatiness that Paula experiences), as well as hyperventilation 
(which contributes to Paula’s dizziness), also occurs during Paula’s panic 
attacks. Hyperventilation contributes to dizziness because when people 
hyperventilate, they blow off too much carbon dioxide and lower the car-
bon dioxide concentration in the blood. The brain hates this. Low carbon 
dioxide makes the brain arteries constrict. This decreases blood flow and 
causes dizziness. Some people will even faint from hyperventilation.
Now we still need to talk about Paula’s other symptoms: weakness in 
the limbs; intermittent loss of vision; chronic migrating pain; and perva-
sive sense of fatigue. In our diagram of the stress system, these symptoms 
involve the brain stress systems, which are represented by the top circle 
(circles metaphor of the stress system; see Fig. 3.2). Within the brain a 
number of regions activate in response to stress, threat, and danger—
whether the threat is physical or emotional (see Chapter 11). The stress 
systems in the brain also activate in response to the negative emotions 
such as those that emerged, for example, when Paula was being bullied or 
when she was thinking about her grandfather who is dying (see Chapter 
12). Then we also have the brain regions that process other experiences:
• Pain maps process pain.
• Motor-processing regions process motor function.
• Sensory-processing regions process sensory function.
• Energy- and fatigue-processing regions, also known as the fatigue alarm 
system or fatigue alarm (and still not well defined), regulate the use of 
energy (including feelings that represent fatigue).
Now, the brain stress systems are supposed to switch on when the dan-
ger occurs and then to switch off once the danger has passed. However, 
we know from imaging studies of patients with chronic pain, functional 
neurological symptoms, or other functional somatic symptoms that 
the brain stress systems fail to switch off. What happens, instead, is that 
these regions become overactive and over-dominant [the interviewer 
draws a large red ball]. In this state, the brain stress systems can disrupt 
motor-processing regions and cause motor symptoms—like the weakness 
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in the legs that Paula has experienced (see Fig. 11.2). The brain stress 
systems can also disrupt sensory-processing regions and cause sensory 
symptoms—like the visual loss that Paula has experienced (see Fig. 11.3). 
Fig. 3.3 Paula’s hyperventilation challenge. This figure shows that in the resting 
state she was breathing at a healthy respiratory rate that kept her arterial CO2, 
or pCO2, within the homeostatic range. When Paula was asked to hyperventi-
late voluntarily, her pCO2 dropped, as it should. However, when Paula was asked 
to stop hyperventilating, she was unable to do so. She continued to hyperven-
tilate, and her pCO2 did not return to baseline (the homeostatic range). The 
hyperventilation challenge was consistent with clinical observations that Paula 
hyperventilated when thinking about distressing life events, that she had trou-
ble regulating her breathing when her system was activated as part of a panic 
attack, and that the poorly regulated breathing contributed to her symptoms of 
dizziness and fatigue (© Kasia Kozlowska 2019)
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And they can amplify pain by keeping the pain map switched on (see 
Fig. 11.5). In this way, the pain becomes chronic and can be triggered by 
a minor physical or emotional stress, and the pain can do odd things like 
migrate all over the body. That’s something you all already know because 
you have observed the pain migrating around Paula’s body. In addition, 
activation of the brain stress systems involves an increased use of energy, 
and many patients experience increased feelings of fatigue.
We are almost done. But I have forgotten to tell you about three 
things. This clock image represents the circadian clock (see Fig. 3.2). 
The circadian clock regulates the sleep cycle. When the circadian clock is 
dysregulated—as it is in Paula’s case—it means that the brain misses out 
on all the restorative processes that are supposed to take place at night. 
Disturbed sleep also contributes to activation of the stress system—noth-
ing is ever allowed to switch off—plus disturbed sleep increases pain. So, 
sorting out sleep is going to be very important.
And then, we have the immune-inflammatory system—the last com-
ponent of the stress system (see Fig. 3.2). This system is very impor-
tant because it contributes to chronic pain. In chronic pain this system 
is switched on, and immune-inflammatory cells in the body secrete 
 pro-inflammatory substances that keep pain nerves activated, thereby 
signalling pain. One such cell type is the macrophage (see Fig. 9.1). 
Macrophages normally go around the body cleaning up debris and secret-
ing anti-inflammatory molecules. But when they are switched into defen-
sive mode—as happens in chronic pain—they secrete pro-inflammatory 
molecules that maintain pain. Exercise helps macrophages to switch into 
healthy restorative mode, in which they secrete anti-inflammatory mol-
ecules that decrease pain. But lack of exercise causes macrophages to 
switch into defensive mode. So, the fact that Paula is so deconditioned 
and that she is not doing any exercise is contributing to activation of the 
immune-inflammatory system—cells like the macrophage—and is keep-
ing the pain maps activated. Reintroducing exercise is therefore going to 
be very important, too.
Finally, we come to the role of the mind. The way we use our minds 
can either switch on the stress system or help it settle (see Chapter 12). 
Paula told me that she worries about the symptoms. Sometimes she even 
worries that she will be sick forever. She can even visualize herself as an 
invalid in a wheelchair when she grows up. Every time she worries or 
brings up that image, she uses her mind to switch on the stress system 
top-down. This top-down activation of the stress system just makes things 
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worse. Another factor that makes symptoms worse is attention. Every 
time Paula pays attention to the pain, it will intensify. Every time mum 
asks about the pain, watches out for it, or is experienced by Paula as wor-
rying about it, the pain will also intensify. So, changing how we all focus 
our attention will be another important part of the intervention.
Now that we have finished our explanation of the stress system and its 
interactions with other brain regions, you can see that, although the dif-
ferent specialists have used different names for different symptoms, all the 
symptoms arise from an interrelated process: the activation and dysregu-
lation of the stress system. [At this point the interviewer may write down 
the different words different specialists use and include some other words 
that the family is likely to run across.] Next, we are going to talk about 
treatment options. But before we go on, do you have any other questions?
Depicting the Treatment Process via Visual Metaphor
If the child and family accept the formulation—the story of their child’s 
illness through the lens of the stress-system model—then the conversa-
tion moves onto treatment. The family’s acceptance (or lack thereof ) is 
usually communicated quite clearly. The tension in the room suddenly 
disappears. A parent may let out a sigh of relief. Faces brighten. Often 
someone in the family articulates their felt sense of relief: the relief that 
comes with understanding what is happening for the child and her 
body. Sometimes, if someone in the family had an aha! moment, they 
will share this new understanding. Sometimes the family will acknowl-
edge that the neurobiology is very complex and thank the clinician for 
taking the time to explain it to them.
For some families it can be helpful to depict the process of treat-
ment via a visual metaphor. In Figs. 3.4 and 3.5, the treatment process 
is represented visually using the circles metaphor and the castle-fortress 
metaphor, respectively. The figures depict that the clinician—and child 
and family—will be working together to choose interventions that will 
shift the child’s stress system from an activated, dysregulated, incoher-
ent state (a stress system in defensive mode) back to a more regulated, 
more coherent state, and to a more healthy way of functioning (a stress 
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Fig. 3.4 Treatment depicted using the circles metaphor of the stress-system 
model for functional somatic symptoms. Using the circles metaphor, the treat-
ment process can be conceptualized as involving a shift from a dysregulated 
state—with stress-system components being overactivated, underactivated, 
out of harmony with other components, or out of synchrony with the circa-
dian rhythm—to a regulated state that supports health and well-being (© Kasia 
Kozlowska 2017)
Fig. 3.5 Treatment depicted using the castle-fortress metaphor of the stress sys-
tem model for functional somatic symptoms. Using the castle-fortress metaphor, 
the treatment process can be conceptualized as involving a shift from a cas-
tle-fortress in defensive mode (denoted by the colour red)—where battle tow-
ers are manned to protect the castle-fortress from attack—to a castle-fortress in 
peace time (denoted by the colour blue) (© Kasia Kozlowska 2017)
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system in restorative mode). The stress system in defensive mode sup-
ports the generation of functional somatic symptoms, whereas a stress 
system in restorative mode supports health and well-being and is not 
compatible with the generation of functional somatic symptoms.
If specific factors have been identified as contributing to stress-sys-
tem activation, these can be written in above the visual representation, 
with large arrows that depict their role in activating the stress system. 
For example, in Paula’s case, bullying at school, worry about the dete-
rioration of her maternal grandfather, ruminating and catastrophizing 
about school, and parental attention to the symptoms would all be writ-
ten into the visual representation, highlighting the role of these factors 
in activating Paula’s stress system.
Rationale for the Interventions That Make Up Treatment
The conversation then moves onto the rationale for using certain inter-
ventions in the treatment program. The treatment rationale builds 
directly on the neurobiology of the stress system, as previously discussed 
with the family. Sometimes, the rationale for certain interventions has 
already been addressed during the formulation itself, as when we dis-
cussed with Paula the need for her to start mobilizing again. In offering 
Paula an admission into our inpatient program, we also explained the 
various other interventions that would be implemented as part of the 
program. The conversation went as follows:
Now let’s talk about treatment—what needs to happen for Paula to get 
well. As you know, the Pain Team are really keen that Paula is given a place 
in our Mind-Body Program. And we are happy to offer Paula two weeks 
in the program. But let us tell you about the program so that Paula can 
decide if it is something she wants to do. [The program is described in 
detail by a member of the team.] Paula will come into the adolescent med-
icine ward for two weeks to learn the program. After completing those two 
weeks, she will then need to take the program home and continue it, with 
the support of the family, for the next 12 months, or even longer. She will 
need to build some components of the program—for example, the regula-
tion strategies and the regular exercise—into her life for the long term.
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Earlier, when we discussed the neurobiology of Paula’s symptoms, we saw 
that they all involve the activation and dysregulation of the stress system. 
Treatment of functional somatic symptoms—using body-mind interven-
tions—aims to help Paula switch off the stress system and to regulate the 
stress system better. Because Paula has been sick such a long time, we shall 
use every intervention and strategy we know—at the same time—to help 
her stress system regulate better. Here is the plan that I have in my mind:
– Right after admission, we shall do a blood test to check Paula’s iron 
level, vitamin B12, vitamin D, and a few other things that weren’t 
checked before. We shall also perform a hyperventilation challenge 
to see how significant Paula’s hyperventilation is and how well she is 
able regulate her breathing. Paula will also do a standing test for the 
POTS, so we can see how her body regulates heart rate and blood 
pressure when she stands up from a lying-down position on waking 
up in the morning. We always make sure that the medical assessment 
is complete and that all the boxes are ticked. [This final set of tests 
found that Paula was iron deficient—ferritin level 4 μg/L (reference 
range 10–150 μg/L). This iron deficiency contributed to her fatigue. 
The hyperventilation challenge confirmed Paula’s hyperventilation (see 
Fig. 3.3). The standing test for POTS revealed that the autonomic 
dysregulation was severe and needed active treatment to stabilize (see 
Table 3.1). Paula’s standing test showed (1) a minimum heart rate 
increase of 38 beats per minute, and a maximum increase of 64 beats 
per minute, on standing, and (2) no substantial change in blood pres-
sure within ten minutes. In children, an increase in heart rate of >40 
beats per minute is consistent with orthostatic intolerance.]
– Our first immediate intervention will be to stabilize Paula’s sleep—the 
circadian clock—to harness all the restorative processes that take place 
at night. Good sleep will help Paula’s body regulate. No one can regu-
late without good sleep. Paula can start the sleep intervention at home 
while she is waiting for a bed in the Mind-Body Program. You need 
to put together a timetable that marks bedtime and getting up time. 
Paula will need to go to bed at the same time every day and also get 
up at the same time. She will need to sit in the sun in the morning—
on waking up—for about an hour. We shall also use melatonin—the 
natural substance that the brain secretes—to help regulate her sleep. If 
these measures are not sufficient, there are other things we can do (see 
Chapter 5). [In the end, Paula’s sleep was regulated with 9 mg mela-
tonin and 25 mg quetiapine.]
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– Our second intervention during the admission will be to treat the 
POTS (the dysregulation of the autonomic system) with body strat-
egies: increasing fluid intake, taking salt tablets, using stockings, and 
implementing slow-breathing strategies that help increase blue/par-
asympathetic function and decrease red/sympathetic function [point 
out the relevant nerves on Fig. 6.1]. If these strategies are not enough, 
there are other things we can do (e.g., treatment with propranolol) 
(van der Zalm et al. 2019). The treatment should help Paula’s symp-
toms of dizziness on standing and, over time, her energy levels. [In 
the end, treatment for POTS included salt tablets, increased water 
intake, and pressure stockings; the slow-breathing strategies were 
incorporated into the broader strategy for improving Paula’s capacity 
for  self-regulation (see next item).]
– Paula will work with [name of psychologist] to work out what 
 mind-body strategies she is able to use to help regulate her body and 
her stress system. [In the end, Paula’s key bottom-up strategies were 
slow breathing, muscle relaxation, and shifting attention away from 
pain to sensations that were pleasant.]
– Paula will also need to work with [name of psychologist] to determine 
how she contributes to the symptoms with her mind, as by worrying, 
ruminating, catastrophizing, and so on. [Basic cognitive-behavioural 
interventions were used to address these issues and, in combination 
with mindfulness interventions, were continued with a psychologist 
after discharge.]
Table 3.1 Paula’s heart rate and blood pressure values on the Standing Orthostatic 
Tolerance Test (© Kasia Kozlowska 2019)
Time period Blood pressure Heart rate
Baseline (lying down) 117/68 84
1 minute (standing) 124/80 135
2 minutes (standing) 132/85 128
3 minutes (standing) 132/86 128
4 minutes (standing) 127/82 132
5 minutes (standing) 112/79 122
6 minutes (standing) 111/87 146
7 minutes (standing) 124/85 128
8 minutes (standing) 93/66 126
9 minutes (standing) 115/90 126
10 minutes (standing) 121/88 126
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– During the first week of the admission—as we get to know Paula 
better—we shall also decide if Paula will need medication (a selec-
tive serotonin reuptake inhibitor [SSRI]) to treat her severe anxiety, 
or whether mind-body strategies will be sufficient. We are raising the 
potential need for medication now because Paula is very ill and because 
we know—from the information about Paula’s panic attacks—that her 
anxiety is quite severe. You also need to know that anti-anxiety med-
ication can be helpful in treating POTS (Rowe 2014). [We found 
that Paula’s anxiety was overwhelming and completely incapacitating. 
Alongside mind-body strategies, she was treated with fluoxetine 20 mg 
(increased slowly from 2.5 mg in the morning, in 2.5 mg increments) 
and quetiapine 6.25 mg in the morning, which helped take the edge of 
her anxiety and helped her get to the hospital school.]
– Paula will work with the physiotherapist on a daily basis to set up an exer-
cise program that she can take home. The exercise will help the POTS, 
anxiety, and deconditioning, and it will help shift Paula’s macrophages 
into restorative mode—which, in the long term, will help decrease Paula’s 
pain. [Paula continued an exercise program that was monitored by an 
external physiotherapist and that her parents also continued to oversee.]
– Paula will go to the hospital school every morning. During the after-
noon, she can either attend school or the adolescent group—which-
ever she prefers. She can use the school to practice her strategies for 
the pain and fatigue, and to build up her energy levels, enabling her 
to resume attending her own local school. [Paula returned to her own 
school, full time, on discharge.]
– There is no visiting during the day, when Paula is busy with the pro-
gram. Visiting hours are limited to the hours after she has completed 
that day’s program. There is no program on the weekend; Paula will 
have a gate pass from hospital to go home for Saturday night. Because 
attention to symptoms makes the symptoms worse, we ask the family, 
when together with Paula, to practice not asking about symptoms but 
to ask about what Paula did that day (if in the hospital) or to engage 
in some other activities. Paula is also to practice not talking about 
the symptoms. She can, however, boast to everyone about what she is 
doing to manage the symptoms.
– We will have a weekly family meeting to track how Paula is doing and to 
begin the process of helping everyone in the family make the necessary 
changes that will support Paula’s health and well-being in the long term.
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– We expect that at some point during the admission, Paula might have 
some difficult days—might feel exhausted and unable to go on. If 
that happens, we shall use it as opportunity for the family to see how 
Paula (and they) will manage days that are difficult and that feel like 
a setback. [Paula’s temporary setback came after she jarred her arm 
while travelling on a bus with her father while returning home from 
a Saturday night concert. The bus had stopped suddenly, activating 
high-intensity back pain and panic attacks, and Paula wanted to retreat 
to bed. While recovering from this setback, Paula was encouraged to 
use her various strategies (as described above) with increased frequency, 
and she attended the hospital school in a wheelchair, soon graduating 
to pushing it herself. Within a few days, she returned to the point of 
progress where she had been a few days earlier. The episode also func-
tioned as a trial run for Paula’s mother—a coaching exercise—as to 
what she needed to do when Paula had a setback at home.]
– Finally, Paula’s present diet is low in fruit, vegetables, yogurt, and 
meat. So, Paula needs to start improving her diet while she is waiting 
for the hospital admission. A healthy diet has to be part of any pro-
gram for getting well. [The family also opted to incorporate probiotics 
into Paula’s daily intake.]
Therapeutic Contract
After the treatment has been discussed, a therapeutic contract needs to 
be agreed, including the following: confirmation that the child wants 
to come into the Mind-Body Program and that the parents consent 
to all components of the program; the goals that the child has to meet 
before the admission itself; the time frame of the admission; the pro-
gram structure; and discussion and negotiation of any potentially 
‘sticky’ points. The contract also involves discussion as to what will hap-
pen with outpatient treatment afterward—for example, with referral or 
handover back to local services. At this time of negotiating a therapeutic 
contract, the family has the option of deciding whether they want to 
take up the offer of inpatient treatment or, instead, whether they would 
like the team to help them set up a program with resources from their 
local community. The team also has the option of withdrawing the offer 
of an inpatient admission if the family do not agree to core components 
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of the treatment program or if the child or family are not sufficiently 
motivated. In the latter situation, the offer of the program—with its 
specific, defined conditions—remains open to the child and family in 
the future.
Occasionally, we admit a child into our Mind-Body Program with 
only the parents’ consent (and contract)—even if the child does not 
want to come into the program. This is sometimes necessary because 
the child, due to severe anxiety, will not cooperate with any aspect of 
treatment or because the lack of cooperation is part of the presenting 
picture. In this scenario the intervention begins by establishing a ther-
apeutic environment in which the child is given multiple opportunities 
to engage with different therapists within the program—the nursing 
staff, psychotherapist, physiotherapist, and school staff—on a daily 
basis. In these scenarios, the child is, if necessary, taken to the school 
classroom on her bed.
The Outcome of the Mind-Body Admission for Paula
The overall treatment program involved both a preadmission interven-
tion—Paula had to reach some goals before admission into the hospital 
program—and a two-week admission to the Mind-Body Program itself, 
which was extended to three weeks because of Paula’s significant level of 
deconditioning (since she had been sick for so long). The interventions 
implemented prior to admission included the following: re-establishing 
a normal sleep-wake cycle, along with an hour of sun exposure imme-
diately after arising; establishing a healthy diet, with regular meals; and 
establishing an exercise routine as part of the process of gradual recon-
ditioning (initially, for example, by implementing short walks outside 
the house to the front gate of the garden). The interventions imple-
mented during her program are those that were discussed with the 
family above. After completion of the hospital program, Paula took the 
program home with her and continued to implement it with the help 
of her parents, a psychologist, a local physiotherapist, and her general 
practitioner. Her pain and fatigue resolved to a large extent; her anxi-
ety continued to be challenging to manage; and she had a number of 
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time-limited relapses of functional neurological symptoms (leg weakness 
and vision loss). But she continued to persevere with the program and 
to attend school—and stay connected to her friendship group—just as 
she had done in the hospital setting.
* * *
In this chapter we have examined how multidisciplinary teams engage 
with children with functional somatic symptoms and their parents 
through the therapeutic process of a family assessment interview. As 
we have seen through our discussion of Paula, the assessment interview 
serves multiple purposes. Among other things, it assists the family in 
telling the story of the symptoms in relation to the broader story of the 
events and challenges that occurred in the life of the child and family; it 
facilitates a shared understanding of those events and challenges; it ena-
bles the co-construction of a formulation by looking at the information 
provided by the family through the lens of the  stress-system model; it 
provides a rationale for treatment; and it facilitates the articulation of 
a therapeutic contract through which everyone agrees to work together 
before, during, and after the period of the mind-body intervention. We 
hope that clinicians working in a broad range of clinical settings will 
be able to adapt some of the ideas presented in this chapter to their 
own way of working and to the needs of their own clinical contexts and 
practice
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Part II—Chapters 4–12—is about the neurobiology of functional 
somatic symptoms. Chapter 4 introduces the reader to the stress  system 
and the stress-system model for functional somatic symptoms. The 
remaining chapters in Part II discuss the various interacting compo-
nents of the stress system, along with some other factors that, though 
not specifically elements of the stress system, have a substantial impact 
on the stress system and on functional somatic symptoms themselves.
Although the idea of the stress system now seems a familiar one, it is 
only recently that stress has been conceptualized in terms of a neurobio-
logical system: in 1986, a group of scientists—the child endocrinologist 
George Chrousos and his colleagues—formulated the notion of the 
stress system as a framework for analysing the neurobiological mecha-
nisms involved in the body’s response to physical and emotional stress 
(Chrousos et al. 1988). In this book the stress system serves as a frame-
work for thinking about functional somatic symptoms and the many 
different factors that affect the body, brain, and mind—the system 
levels that contribute to the generation of functional somatic symptoms 
in children and adolescents.
Part II
Mind, Body, and the Science of Functional 
Somatic Symptoms
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Our clinical experience is that children and families find the 
stress-system model useful because it provides a concrete and straight-
forward way—accompanied by visual representations—of talking about 
what is happening to the child in her body, brain, and mind. When 
the model is used in daily clinical work, families often experience an 
aha! moment when they begin to understand the different factors that 
interact on the body, brain, and mind system levels to generate func-
tional somatic symptoms. Sometimes the explanation provided to the 
child and family draws on medical knowledge that is well established. 
Other times the conversations rely on current developments or upon 
current hypotheses that reflect the thinking of leaders in the field. Either 
way, children and families are relieved to know that functional somatic 
symptoms are the focus of current research, and they like to hear—
in simple terms—where the field is up to. All of a sudden, symptoms 
that appeared mysterious, that could not be explained, or that were 
explained as being psychosomatic have clear and more straightforward 
explanations—sometimes hypothetical—as to underlying mechanisms 
involving body, brain, and mind.
In contrast to the commonly held belief that children with functional 
somatic symptoms and their families are difficult to engage, we have 
found that the children and families who come seeking treatment at our 
respective services become very involved in the process of sharing the 
story of the somatic symptoms and in co-constructing a formulation. 
Families are, indeed, typically eager to engage in the treatment process 
so that their child can get well. Likewise, clinicians who have come to 
training sessions about the stress-system model of functional somatic 
symptoms—or who have come to learn the model during a clinical 
placement—have found this way of working with patients and families 
to be both helpful and empowering. As one such trainee noted:
I am pleased to say that using the stress-system explanation for non- 
epileptic seizures and chronic pain syndrome has made a drastic dif-
ference in how my patients and their families understand and engage 
in treatment. It’s almost transformative in the sense that families feel 
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their child is finally being taken seriously and their symptomatology 
has a very real and robust pathophysiological basis. To them it’s the  
difference between being blamed for ‘a symptom in their head’ versus 
having their very distressing symptoms being validated and treated.
Another trainee observed:
As the child and family gain an understanding of the stress-system model 
during formulation, they will volunteer new information—stressors  
and symptoms—that fit into their growing understanding of their own 
experience of this process.
In this context, the chapters in Part II will give the reader a good 
basic grounding in the neurobiology of the stress system and functional 
somatic symptoms, along with an introduction to the research litera-
ture, with additional references available in Online Supplement 1.3. 
The chapters also provide the reader with some visual resources that can 
be used to communicate, in a very simple way, the complex biological 
processes involved in the body’s response to stress. The hope and expec-
tation is that familiarity with this scientific material will provide the 
foundation for readers to use the stress-system model in their clinical 
work with children and their families—as further elaborated in Part III, 
on treatment.
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Abstract  This chapter introduces the reader to the stress-system model 
for functional somatic symptoms through the personal journey of the first 
author. The stress-system model provides clinicians with a framework for 
thinking about the neurobiology of functional somatic symptoms and for 
explaining them to children and their families. The components of the 
brain-body stress system—the neurobiological systems that regulate body 
state—include the circadian clock,  hypothalamic-pituitary-adrenal axis, 
autonomic nervous system, immune-inflammatory system, and brain 
stress systems that underpin salience detection, arousal, pain, and emo-
tional states. All components of the stress system are interconnected and 
form part of a larger, integrated system that ensures effective energy reg-
ulation, promotes health and survival, and protects the individual from 
a broad range of threats. When the stress system—or one or more com-
ponents of the stress system—is activated too much, too little, too long, 
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or in aberrant ways, or when it fails to return to baseline function, then 
functional somatic symptoms may arise.
As every mental health clinician knows, a good clinical assessment requires 
one to listen carefully to the child (including the adolescent) and family, and 
to piece together the story behind the clinical presentation. After listening to 
patients’ stories for some years, I (the first author, KK) realized that my own 
observations of children with functional somatic symptoms ran contrary to 
the assumptions and myths that shaped clinical thinking and practice in the 
late 1990s, which is when I began my clinical practice as a child psychia-
trist. I also realized that my observations of the child and her functioning 
in the family rarely matched those of the family. Over the years, as I puz-
zled about these recurring discrepancies, conducted my own research, and 
read countless research and clinical articles about patients with functional 
somatic symptoms, I came to recognize the central importance of stress. All 
of this clinical work and research comes together in the stress-system model 
for functional somatic symptoms, the focus of this book.
The easiest way to understand this model is to retrace my path and to 
review the discrepancies, puzzles, and clinical phenomena that led me both 
to recognize the centrality of stress and to use it as a foundation for under-
standing functional somatic symptoms. This retracing takes us through 
the first half of the chapter; the shared work of the three authors (KK, SS, 
HH) begins again with the section ‘Embodied Family History’. Additional 
references for this chapter are available in Online Supplement 1.3.
Clinical Observations About the Role of Stress
The Consistent Presence of Stress in the Family Story
When I first learnt about functional somatic symptoms, they were seen 
as a reflection of stress and distress (Taylor 1986; Maisami and Freeman 
1987), which is actually how I see them now. But importantly, there was 
also a lingering belief, dating to the work of Sigmund Freud, that unusually 
adverse life events—such as abuse, maltreatment, or incidents involving 
serious trauma—were the main factors contributing to and triggering the 
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symptoms (see Online Supplement 1.3). A product of this belief was that 
clinicians spent a lot of time probing for, and asking about, the existence 
of such events. As might be expected, this process often made the family 
uncomfortable—and also reluctant to engage in treatment. For example, 
in the story of Samantha in Chapter 2, engagement with the mental health 
team and Samantha failed because the team was intent on looking for a 
history of sexual abuse—and they kept asking questions about potential 
sexual abuse—when sexual abuse was not, in fact, part of Samantha’s story.
Recent research has presented a more complicated picture of how func-
tional somatic symptoms emerge. As originally thought, there is an associ-
ation between functional somatic symptoms and maltreatment early in life 
or exposure to serious trauma (Afari et al. 2014). Children who have been 
sexually abused have a higher lifetime prevalence of somatic symptoms or 
syndromes (see studies listed in Online Supplement 1.3). Likewise, indi-
viduals traumatized by war have higher rates of functional somatic symp-
toms. For example, Holocaust survivors from World War II—who suffered 
from a combination of intense stress, severe physical deprivation, and loss of 
loved ones when they were children or young adults—have a higher preva-
lence of functional gastrointestinal symptoms, fibromyalgia, chronic/com-
plex pain, and other nonspecific somatic symptoms (dizziness, exhaustion, 
and weakness), often comorbid with depression and post-traumatic stress 
disorder (see studies listed in Online Supplement 1.3). Finally, adolescent 
Cambodian refugees—fleeing from the more than two decades of ongoing 
strife in that country—also experienced high rates of somatic symptoms, 
with headache and dizziness being the most common (Mollica et al. 1997). 
Interestingly, orthostatic symptoms, including dizziness, were some of the 
most common functional somatic symptoms experienced by soldiers from 
the American Civil War (1861–1864) (see Online Supplement 1.1).
Nevertheless, my clinical experience with children presenting with 
functional somatic symptoms, as well as my own research and that of 
others over the past 20 years, indicated that exposure to extreme stress 
was not actually necessary—or even common. Most of the children 
and families that I saw had stories that were full of relatively common, 
but also surely adverse, life events—such as physical illness, death of a 
grandparent, especially intense athletic training, or conflict in the fam-
ily or at school (including bullying)—that had occurred in relatively 
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close proximity to one another and that seemed to have had a cumula-
tive effect on the child over time. Very often a minor physical event—
viral illness, minor fall or twisting injury, knock on the head by a ball, 
or medical intervention or illness—or a relatively minor psycholog-
ical event had precipitated the functional presentation. A small hand-
ful of children and families did report maltreatment (physical or sexual 
abuse, or serious neglect), family conflict that had gotten out of control 
(domestic violence), or some other especially traumatic event, but these 
circumstances were uncommon. The typical pattern that came up time 
and again was that of cumulative, normative stress events. The family 
and child reported that the child had coped with event 1, had coped 
with event 2, had coped with event 3, but had then, following event 4, 
suddenly developed debilitating functional somatic symptoms that had 
had precipitated the presentation to hospital.
After hearing many, many stories, it became clear to me that the ori-
gin of the functional somatic symptoms was associated with the overall 
burden of chronic or repeated stress—whether physical or emotional. It 
also seemed that the brain did not adhere to mind-body dualism and 
that physical stress events could trigger the illness just as easily as emo-
tional events. As we got better at documenting trigger events in our 
studies, we found that about half our patients presented with physi-
cal triggers and half with emotional triggers, usually in the context of 
chronic or repeated stress (Kozlowska et al. 2011).
Research over the last 20 years has highlighted the important role 
of commonplace adverse life events. In particular, results from the 
Adverse Childhood Experiences Study (ACE Study) (Redding 2003; 
Felitti et al. 1998) showed that household dysfunction—situations such 
as the child’s mother being treated violently, mental illness of a family 
member, substance abuse, parental separation or divorce, and impris-
onment of a household member—played a central role in health and 
disease. Early research using this broader framework focused on the 
association between adverse childhood experiences and common phys-
ical health (ischaemic heart disease, cancer, chronic lung disease, skel-
etal fractures, and liver disease) and mental health (alcoholism, drug 
abuse, depression, and suicide attempts) conditions (see studies listed 
in Online Supplement 1.3). More recent studies have confirmed the 
 long-observed association between adverse childhood experiences and 
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functional somatic symptoms and syndromes (see studies listed in 
Online Supplement 1.3). In our own studies of children with functional 
neurological disorder (FND) and chronic/complex pain, antecedent 
illness or injury, family conflict, and bullying in the school and peer 
contexts have also consistently emerged as additional important ante-
cedents (Kozlowska et al. 2011; McInnis et al. 2020).
The Parents Said ‘Our Child Is Fine’, but the Child’s  
Body Did Not Agree
When telling their story, the parents and the child reported that, even 
though the child had experienced one difficulty after another, the child 
had coped and seemed to be fine. I found, however, that when the child’s 
story was tracked via the child’s body—the response of the body being 
used as the beacon by which the child’s wellness was gauged—a differ-
ent picture emerged (Kozlowska et al. 2013). The child’s body had been 
signalling stress and distress for some time, but these signals had not 
been heeded. Common signals included the following: a disturbance in 
sleep (difficulties getting to sleep, waking up in the middle of the night, 
or waking unrefreshed and fatigued); difficulties eating because food felt 
like a lump in the child’s tummy; increased frequency of abdominal pain, 
headache, or pain associated with muscle tension elsewhere in the body; 
a story of viral illnesses that the child found difficult to recover from and 
that had been followed by prolonged fatigue; and sometimes even the 
odd panic attack with a racing heart, sweatiness, and difficulty breathing.
The body’s signals had not been heeded; the connection between the 
symptoms and the events in the child’s life had not been made; and help 
for the child to manage her distress, her dis-ease, had not been provided 
(for a discussion of dis-ease vs. disease, see Online Supplement 1.1). 
Instead, the child had continued to struggle valiantly onward; she had 
continued to smile to reassure her parents that she was fine; and when 
anyone asked, she told them that she was fine. Her symptoms were, in 
effect, masked, and everyone carried on as always, secure in the belief 
that the child was resilient, that the child was doing well. But, of course, 
the child’s body was not fine. The child’s body told a different story. The 
body’s story suggested that each stress had switched on the child’s stress 
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system. With each new stress, the stress system had been activated more 
and more, and was less and less able to turn itself off. The story that had 
begun with one functional somatic symptom was now a story of many 
different symptoms (see, e.g., the story of Paula in Chapter 2).
Translating Clinical Insights into a Research 
Program
Although the children and their parents typically told me that they were 
psychologically and emotionally unmarked by the adverse life events 
that they had experienced, I felt unconvinced. Likewise, although the 
paediatricians who referred children for treatment of functional somatic 
symptoms always confirmed that the physical examination was normal, 
that there was nothing wrong with the children’s physical health and no 
evidence of disease, my impression was that their bodies had activated 
in response to stress and had not settled back down. It was common for 
the child’s respiratory rate to be elevated—a sign of motor activation, 
possibly coupled with sympathetic activation. Another such sign was 
the child’s response—with pain—to palpation of their postural muscles, 
the neck and back muscles that maintain posture and that activate when 
the body prepares itself for action; this response suggested that those 
muscles were activated or braced as they would be if the children were 
readying themselves for self-protective action.
To examine the questions raised by these encounters with patients 
and families, I was able to use research methodologies developed by two 
important mentors: the developmental psychologist and attachment 
researcher Patricia (Pat) Crittenden, and the neuroscientist Leanne (Lea) 
Williams. For many years (since 1996), alongside other clinicians, I had 
contributed to Pat’s efforts to develop clinical tools to identify patterns of 
attachment in school-age children and adolescents within her Dynamic-
Maturational Model of attachment and adaptation (DMM) (Crittenden 
1999; Crittenden et al. 2010; Farnfield et al. 2010). Patterns of attach-
ment—also known as attachment strategies—evolve from infancy 
through adolescence via one’s experience with close others. Attachment 
strategies function to maximize safety, comfort, and the biological drive 
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for survival and reproduction. Importantly for us, attachment figures also 
function, across development, as psychobiological regulators. On a daily 
basis, during playful interactions, attachment figures activate the child’s 
stress system in a moderate way. Likewise, on a daily basis, attachment fig-
ures use a range of soothing strategies to help settle the stress system back 
down again. These repeating interactions with the attachment figure(s) 
function to regulate, either effectively or ineffectively, the child’s develop-
ing stress system (see studies listed in Online Supplement 1.3). These early 
interactions of children are the building blocks of each person’s self-regu-
latory capacities later in life. But when families are stressed—because of 
commonplace adverse life events, loss events, or trauma—the caregiver’s 
capacity to function as a psychobiological regulator may be compromised.
A key strength of the DMM methodology for assessing attach-
ment is its emphasis on procedural (i.e., memory of past action pat-
terns), affective, and imaged evidence to help coders identify patterns 
of  self-protective organization. For example, in assessing attachment in 
young children, the focus is on observed behaviour, and in older chil-
dren, the focus is on the structure of language rather than its content 
per se. In this way, by going beyond words, the DMM clinical tools 
allow babies, as well as young children who are not yet verbal or who do 
not have the cognitive and emotional capacity to articulate their predic-
aments, to have a voice. And since stress is, for us in this book, embod-
ied, the DMM methodology thus allows the body to speak.
I met Lea Williams—now Professor of Psychiatry and Behavioral 
Sciences at Stanford University and founding director of the Stanford 
Center for Precision Mental Health and Wellness—in 2005. Lea took me 
under her wing as my PhD supervisor, and in her lab I was able to do 
a series of studies that examined biomarkers, or biological markers, (in 
both the body and brain) of stress-system activation. The cohort included 
children with FND (and other somatic symptoms) and an equal number 
of age- and sex-matched healthy controls. Seventy-six children with FND 
participated in the attachment component of the study, and 57 of those 
also attended the testing in Lea’s lab. Because many of the children were 
functionally impaired—they could not walk at the time of testing or had 
non-epileptic seizures (NES)—I made many trips with various wheel-
chairs to get the children to the lab.
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Identifying Stress and Distress Using 
Assessments of Attachment
The development of the DMM structured interviews to assess attach-
ment in school-age children and adolescents enabled me to use them 
in my PhD research program with children presenting with FND 
(Kozlowska et al. 2011). Blinded coders classified these children with 
FND as predominantly using at-risk attachment strategies: the Type A+ 
strategies or the Type C+ strategies (Fig. 4.1). Via linguistic markers, 
coders also identified unresolved loss or trauma in 75 percent of chil-
dren with FND versus 12 percent in healthy controls. In a later study, 
children who had presented to our hospital disabled by chronic/com-
plex pain also predominantly used at-risk strategies (Ratnamohan and 
Kozlowska 2017). Two large, prospective studies have highlighted the 
Fig. 4.1 Attachment strategies used by children with functional neurological 
disorder (vs. healthy controls). The strategies used by children and adolescents 
with FND are depicted by red dots, and by healthy controls, green dots. The 
attachment strategies at the top of the circle (A1-2, B1-5, and C1-2) represent 
the normative attachment strategies. The attachment strategies at the bottom 
of the circle (A3-4, A5-6, C3-4, and C5-6) represent the at-risk attachment strate-
gies (© Patricia Crittenden. Reprinted with permission)
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association between the quality of the attachment relationship in early 
childhood and functional somatic symptoms later in life (Rask et al. 
2013; Maunder et al. 2017). For an explanation of the different attach-
ment strategies, see Crittenden (1999) and Online Supplement 4.1.
The overall message from the attachment studies is loud and clear. 
Children who presented to our hospital for the treatment of func-
tional somatic symptoms—and associated functional impairment—
had a long-standing history of relational stress, and they organized 
 self-protectively in ways that maximized safety and comfort in their attach-
ment relationships. For our purposes, given that parents and, more gen-
erally, attachment relationships function as the foundation for effective 
psychobiological regulation, the disruption of attachment relationships evi-
dent across studies suggests that these children’s stress systems will continue 
to be more easily and strongly activated in response to any future stress.
Identifying Stress-System Activation Using 
Biomarkers and Brain Measures
The studies from my PhD research program, which looked at 
 stress-system activation on a group level of analysis, confirmed my clin-
ical impression that children with FND presented in a state of neuro-
physiological activation/arousal. The group level of analysis—looking at 
a larger group of children with functional somatic symptoms compared 
to sex- and age-matched healthy controls—allowed me to identify dif-
ferences that would not be evident to the paediatrician looking at the 
test results of a single patient. For references to research articles from my 
PhD research program, see Online Supplement 1.3.
Autonomic Nervous System
Our studies looking at the autonomic nervous system showed that it 
was activated too much. Our patients had elevated heart rates (decreased 
parasympathetic/vagal tone ± sympathetic activation), lower heart rate 
variability (decreased parasympathetic/vagal tone), and increased skin con-
ductance (sympathetic activation). How dysregulation of the autonomic 
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nervous system contributes to the generation of functional somatic symp-
toms is discussed in Chapter 6 and in Online Supplement 7.1.
Motor System
Our studies looking at the motor system showed that it was also activated 
too much. Our patients (with FND) had faster reaction times to emotion 
faces, reflecting increased vigilance and motor readiness in response to emo-
tional signals. Our patients with NES (a subset of FND) showed that many 
of these children were also breathing too fast. In other words, they had 
increased activation of the respiratory motor system, with the consequence 
that they were hypocapnic at rest: they had lower levels of arterial carbon 
dioxide because they had exhaled too much carbon dioxide. How hyperven-
tilation and hypocapnia contributes to the generation of functional somatic 
symptoms is discussed in Chapter 7 and in Online Supplement 7.1.
Immune-Inflammatory System
Our studies looking at the immune-inflammatory system suggested a 
shift toward a state of low-grade inflammation. What this means is that 
the children showed a small increase in a common marker of inflamma-
tion, suggesting that the immune-inflammatory system had been acti-
vated by stress—physical or emotional—alongside other components of 
the stress system. This finding is in contrast to rheumatologic diseases or 
infections, which show a large increase in immune-inflammatory mark-
ers. How activation of the immune-inflammatory system contributes to 
the generation of functional somatic symptoms is discussed in Chapter 9.
Pain
Pain was also documented in all our studies. The term chronic/complex 
pain refers to pain for which available medical explanations either do not 
explain, or fail to account for the severity of, the child’s impairment. In 
one set of studies, chronic/complex pain was the primary presentation. 
But when children presented other functional somatic symptoms—for 
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example, FND—pain was also present in 60–84 percent of the children. 
For more information about chronic/complex pain, see Chapter 9.
Fatigue
Fatigue was also documented in all our studies. Fatigue was present in 
33–58 percent of patients even when functional neurological symptoms 
or chronic complex pain was their primary presenting symptom. For 
more information about fatigue, see Chapters 9 and 11.
Activation of Brain Systems
We also looked at stress-system activation—and activation of motor-pro-
cessing regions—on the brain system level. A study looking at cortical 
arousal using the electroencephalogram (EEG) showed that children 
with FND showed increased activity in midline regions both in the rest-
ing state and in response to an auditory stimulus. These midline regions 
are involved in salience detection, arousal, pain, and emotional states, 
and are part of the brain stress systems. Stimuli and body sensations that 
the brain tags as being salient are those that have particular importance 
for the individual because they signal that the body or the self needs pro-
tection from threats to its physical or psychological integrity.
One of the midline regions that we found to be overactivated—the 
supplementary motor area—is known to have dual role. It functions 
both as part of the brain stress systems and as a motor-processing region 
that is involved in motor preparation. Consequently, when the brain 
stress systems activate, motor function can be affected. How activation 
of the brain stress systems contributes to the generation of functional 
somatic symptoms is discussed in Chapter 11.
Brain Structure
Finally, we looked at brain structure using high-resolution MRI to see 
whether changes in brain function were also associated with subtle changes 
in brain structure. Importantly, all our patients had clinically normal 
80     K. Kozlowska et al.
scans, with no disease or lesions to explain their presentation with func-
tional somatic symptoms. But other structural changes were detected. We 
found increased grey matter volume—the layers in the brain that contain 
neuron cell bodies and glial cells—in the supplementary motor area (the 
same motor area that was overactivated in the EEG study; see above), right 
superior temporal gyrus (which is involved in face processing), and dorso-
medial prefrontal cortex (a region that is part of the brain stress systems). 
We also found that greater volumes of the supplementary motor area 
(responsible for motor preparation) correlated with faster reaction times 
in identifying emotions. These various changes in brain structure (with 
increased grey matter volume) were likely to reflect experience-dependent 
plasticity changes that made the children susceptible to the development 
of functional neurological symptoms (e.g., motor symptoms). For a dis-
cussion of plasticity changes, see Chapter 8 and Online Supplement 8.2.
***
To summarize this section: in line with clinical observations suggest-
ing that children with functional somatic symptoms present in a state 
of stress-related activation, our studies looking at attachment patterns, 
biomarkers of stress-system activation, and brain function and struc-
ture showed activation of multiple components of the stress system and 
concomitant activation of the motor-processing regions and regions 
involved in pain, salience detection, arousal, and emotion processing. 
From the stories that the children and their families told, it seemed that 
the children’s stress systems had been previously activated and sensitized 
(primed) by previous stress, had then been switched on by a recent trigger 
event, but had then somehow failed to switch off, the result being the 
emergence, in these particular children, of functional somatic symptoms.
Embodied Family History
The Family-of-Origin Story
The family-of-origin story—understood as encompassing the lives of pre-
vious generations, not all still living—has always held an important place 
for clinicians who work with children and their families (Kerr and Bowen 
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1988). In one way or another, stress and perturbations in the lives of pre-
vious generations seem to reverberate in each family’s problems in the 
here and now. Many tribal cultures conceptualize healing as involving the 
healing of the ancestral line (Artlandish Aboriginal Art Gallery 2019).
The importance of the family-of-origin story in children with 
functional somatic symptoms was first raised by Wencke Seltzer, 
who worked with families of children presenting with FND (Seltzer 
1985). Seltzer noticed that while the families perceived the sick child 
as  ‘well-equipped intellectually, well-adjusted socially, and free of psy-
chological or emotional complications’ (p. 267), the experiences of the 
majority of the parents in their own families-of-origin were marked by 
‘themes of extreme poverty, social humiliation, and family disintegra-
tion’ (p. 269).
Interest in the effects of family-of-origin history have been rekindled 
in the last decade as animal and human studies have demonstrated that 
stress exposure can result in epigenetic alterations that can be transmit-
ted to subsequent generations, increasing the offspring’s vulnerability to, 
among other things, stress-related symptoms, even if these subsequent 
generations were not exposed to the initial traumatic event (for more, 
see following section on epigenetics).
Epigenetics: How Stress Weaves Its Way into the Body
Epi comes from the Greek meaning over, above, outer, or around; and 
epigenetic processes are those that influence gene expression without 
modifying the genetic code itself—typically by increasing or decreasing 
how the gene is expressed. Epigenetic modifications, the patterns of gene 
expression that control the body’s biological processes, are not them-
selves static; they are modulated by life experiences and environmental 
factors in an ongoing way. The epigenetic changes that are the product 
of adverse life events potentially enhance the responsivity of the child’s 
stress system by changing the expression of genes that are central to 
stress regulation (e.g., the glucocorticoid receptor gene) (Hyman 2009). 
The field of epigenetics helps us to understand how stress that occurred 
in previous generations, during pregnancy, in response to parental stress 
or poor parental care, or during the child’s development ‘weaves its 
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way into the neural and biological infrastructure of the child’, affecting 
stress-system function, health, and well-being (Nelson 2013, p. 1098).
In Online Supplement 1.2—Historical Context: The Emerging Science 
of the Stress System—we discuss how researchers in the 1980s began to 
recognize that a person’s life experiences, especially early-life experiences, 
actually become biologically embedded in the brain and body.
In Online Supplement 4.2 we list some of the different terms that 
researchers have used to refer to biological processes through which life 
experiences alter the function and structure of the brain and body. Many 
of these terms came into use before we knew anything about epigenetics.
In Online Supplement 4.3 we provide additional information 
about epigenetic modifications, the biological mechanisms that enable 
stress-related epigenetic changes to affect health and well-being. We also 
provide references to the handful of studies that have documented epi-
genetic changes in patients with functional somatic symptoms, includ-
ing those with fibromyalgia, irritable bowel syndrome, chronic fatigue 
syndrome, FND, and chronic/complex pain.
The emerging themes from this body of work is that epigenetic changes—
changes in gene expression—are one of the mechanisms by which adverse 
life experiences weave their way into the brain and body. Although the 
research in this area is still in its infancy, it appears that changes in gene 
expression can lead to changes both in stress-system function (e.g., increased 
activation) and in tissue structure in both brain and body tissues.
The Stress-System Model for Functional Somatic 
Symptoms
In the final section of this chapter, building on all the information discussed 
above, we present the stress-system model for functional somatic symp-
toms. The stress system is made up of multiple interconnected brain-body 
systems—the autonomic nervous system,  hypothalamic-pituitary-adrenal 
(HPA) axis, immune-inflammatory system, and brain stress systems under-
pinning salience detection, arousal, pain, and emotional states. These sys-
tems form part of a larger, integrated system that protects the individual 
from a broad range of threats (Chrousos and Gold 1992; Chrousos 2009; 
4 The Stress-System Model for Functional Somatic Symptoms     83
Kozlowska 2013) (see Fig. 4.2). Activation of any single part of the system, 
whether by emotional stress, pain, injury, infection, or psychological trauma, 
can activate or dysregulate other components within the system. When the 
stress system—or one or more components of the stress system—is activated 
too much, too little, for too long, or in aberrant ways, or when it fails to 
return to baseline function, then functional somatic symptoms may arise.
Fig. 4.2 Circles metaphor of the stress-system model for functional somatic 
symptoms. The overlap between the different components of the stress sys-
tem—the HPA axis, autonomic nervous system, immune-inflammatory system, 
and brain stress systems—is presented by the overlap between the circles. The 
circadian clock is placed within the top circle because the master clock is found 
in the hypothalamus, a small region located in the base of the brain. The motor 
system, which includes central and peripheral components, is represented by the 
pink ball. The placement of the pink ball in the overlap between the brain stress 
systems and autonomic system reflects that activation of these systems can be 
accompanied by changes in motor function. The pain system, which also includes 
central and peripheral components, is represented by the spiky oval. The place-
ment of pain in the overlap between the brain stress systems and immune-in-
flammatory system reflects that activation of these systems maintains chronic 
pain. Online Supplement 4.4 includes a version of the circles metaphor that can 
be printed out (© Kasia Kozlowska 2013)
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The Stress System in Maintenance and Restorative Mode
In the normal course of events, when the child goes about her daily 
activities, the brain-body systems that make up the stress system regu-
late the body: they keep the body functioning within normative phys-
iological limits and ensure that the body has access to sufficient energy 
resources to face the challenges of daily life. For most children (and most 
adults), whose lives are full of minor and occasional stress, rapid mobi-
lization and timely termination of stress-system activation occur as the 
challenges of life are met and addressed, with the body (and stress sys-
tem) then returning to its baseline function (see Fig. 4.3). When the 
stress system is functioning in this flexible and healthy way, we refer to it 
as being in maintenance and restorative mode—restorative mode, for short.
Restorative mode is a state of neurophysiological regulation char-
acterized by the easy flow of life processes, an efficient utilization of 
energy, and the capacity to respond to environmental demands and to 
the need for tissue regeneration and repair. Restorative mode is associ-
ated with what McCraty and colleagues have called physiological coher-
ence: the ‘degree of order, harmony, stability in’, and ‘synchronization 
between’, the body’s ‘various rhythmic activities over any given time 
period’, which in humans involves the near-24-hour period of the 
human circadian clock (McCraty and Childre 2010, p. 11; McCraty 
and Zayas 2014). In this way, restorative mode involves flexibility in 
response to environmental needs, harmony and physiological coherence 
between its various components, and efficient energy use—a flow of life 
processes that is associated with health, well-being, connectedness, and 
a subjective sense of comfort or ease.
The Stress System Stuck in Defensive Mode
Unfortunately, when stress is chronic, uncontrollable, unpredictable, 
cumulative, recurrent, or overwhelming—and the stress system is acti-
vated too much, too long, or too frequently—the stress system can get 
stuck in defensive mode (see Fig. 4.3, Frame B). When that happens, 
the stress system remains activated or, as it were, switched on. In this 
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scenario, biomarkers that mark stress-system activation or dysregulation 
can be found on a group level of analysis (see earlier section ‘Identifying 
Stress-System Activation Using Biomarkers and Brain Measures’).
Not only does the child’s body continue to work harder than it needs to, 
but the body is missing out on the energy renewal, tissue regeneration, and 
repair functions that take place in restorative mode. A stress system stuck in 
defensive mode—or with one or more of its components stuck in defensive 
mode—is a system that has lost the ease and flow of life processes, along 
with the efficient use of energy resources. A stress system stuck in defensive 
mode is associated with the loss of health, well-being, and connectedness, 
and with a subjective sense of discomfort or dis-ease. And it can also lead 
to the production of functional somatic symptoms.
Fig. 4.3 Visual representation of restorative mode and defensive mode. In the 
normal course of events, the components of the stress system activate to address 
the challenge presented (denoted in red). They may stay activated for days or 
even weeks, but then the body returns to restorative mode (denoted in blue), 
its original baseline level of function (see Frame A). The problem is that in the 
case of many children, the child’s body may not return to baseline function-
ing. In this scenario, even though the challenge or threat has passed, the child 
remains stuck in defensive mode (denoted in red)—and her brain and body may 
continue to respond as if the threat, whether psychological or physical, were still 
occurring (see Frame B) (© Kasia Kozlowska 2017)
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Perhaps the most intuitive way of understanding what happens over 
time—when the stress system is stuck in defensive mode—is that the 
baseline, or set-point, to which the stress system returns, and from which 
it reacts to new stress, changes over time (see Fig. 4.4). The technical 
name for the change in set-points is allostasis, and the technical term 
for the long-term biological cost of chronic activation, with a change in 
 set-points, is allostatic load (see Online Supplement 1.2). As the set-point 
moves to higher levels, defensive mode is progressively more engaged 
even in a ‘resting’ state, and progressively fewer resources are conse-
quently available, even in that resting state, for repair and maintenance. 
By the same token, because fewer resources are available for repair and 
maintenance, the process of restoration is compromised, and recovery 
from each new stress is difficult and often incomplete.
Visual Metaphors of the Stress-System
Children enjoy looking at pictures, and when we talk to children and 
their families about the stress system and stress-system activation, 
we like to draw pictures as we talk. With very young children, we 
Fig. 4.4 Visual representation of the change in set-points over time in the 
context of chronic or repeated stress. With repeated stress the set-point—that 
is, the baseline to which the stress system returns—can change over time. The 
blue parts of the lines represent the stress system at baseline activation, and the 
red parts of the lines represent the stress system in an activated state (© Kasia 
Kozlowska 2017)
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sometimes call the stress system the danger system, because the word 
danger is one that even young children understand.
The Circles Metaphor of the Stress System
As discussed above, the circles metaphor provides a simple frame-
work that clinicians can use to organize and make sense of a large—and 
 ever-increasing—body of literature about the way in which the body 
responds to stress and about the neurobiology of functional somatic 
symptoms. The model is easily translated into the lay language of daily 
clinical practice; children and families find it a helpful framework for 
understanding what is happening to the child’s body and why (see case 
of Paula in Chapter 3).
The overlapping circles highlight the way in which the components 
are interconnected and interrelated (see Fig. 4.2). In the conversation 
with the child and family, the overlapping circles help to highlight that 
when one component of the stress system is activated or dysregulated, 
other components are also likely to be activated or dysregulated to some 
degree. Very often the child will say something like, ‘I see, it is switched 
on, so now we need to switch it off.’
Online Supplement 4.4 includes a version of the circles metaphor 
that can be printed out.
The Castle-Fortress Metaphor of the Stress System
The castle-fortress metaphor provides an alternative visual representation 
of the stress system (see Fig. 4.5). According to this metaphor the stress 
system is like a castle-fortress. When everything is calm, the  castle-fortress 
(specifically the castle, the place for living) is a calm and welcoming place, 
with the gates wide open, a place where the tasks of daily life are carried 
out in a rhythmic and predictable manner (= restorative mode). When 
the castle-fortress comes under threat, however, the gates of the castle-for-
tress are shut, the alarm is raised, and the defence towers (specifically 
those of the fortress) are manned, as needed, to protect the castle-for-
tress as a whole (= defensive mode). In this metaphor, the stress system, 
like a castle-fortress, is designed to activate, when necessary, its defence 
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systems—all of them, if necessary, to maximize protection. Some children, 
families, and even clinicians find the castle-fortress metaphor of the stress 
system easier to use than the circles metaphor. In the castle-fortress meta-
phor, activation of a particular stress-system component can be depicted 
by shading in the appropriate tower—each of which represents a different 
component of the stress system. In clinical practice we colour in the tow-
ers with red, which, in all the metaphors used in this book, denotes activa-
tion into defensive mode (Fig. 4.6).
Online Supplement 4.4 includes a version of the castle-fortress meta-
phor that can be printed out (and filled in).
The Blue, Red, and Purple Metaphor  
of the Stress System
The third metaphor used our clinical practice involves colour cod-
ing. Blue always represents baseline restorative, healthy mode. Red 
and purple represent a shift into defensive mode. For example, in the 
Fig. 4.5 Castle-fortress metaphor of the stress system model for functional 
somatic symptoms. In this metaphor, each castle tower and the walls surround-
ing the castle-fortress represent a component of the stress system. Online 
Supplement 4.4 includes a version of the castle-fortress metaphor that can be 
printed out (and filled in) (© Kasia Kozlowska 2017)
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autonomic nervous system (see Fig. 4.2), the restorative parasympa-
thetic system is depicted by a light blue line, the sympathetic system 
by a red line, and the defensive parasympathetic system by a purple 
line (see also Fig. 6.1). As another example, in the immune-inflamma-
tory system, a macrophage (cell that cleans up debris and is involved in 
chronic/complex pain) depicted in restorative mode (anti-inflammatory 
mode) is coloured blue. By contrast, a macrophage depicted in defen-
sive mode (pro-inflammatory mode) is coloured red and purple (see 
Fig. 9.1).
Fig. 4.6 Paula’s castle-fortress. Paula—whom we met in Chapters 2 and 3—had 
a complex history of functional somatic symptoms. In discussions with Paula and 
the family, we mentioned every component of her stress system as being acti-
vated or dysregulated. The symptom of chronic pain began following an injury 
(colour in the immune-inflammatory tower and pain tower). That injury was fol-
lowed by sleep disturbance (colour in the clock tower) and functional neurolog-
ical symptoms (colour in the brain stress systems) in the context of significant 
bullying. Finally, as Paula became immobile and more and more deconditioned, 
she developed symptoms related to dysregulation of the autonomic system: 
panic attacks accompanied by hyperventilation and symptoms of postural ortho-
static tachycardia (colour in the autonomic tower [which also includes the res-
piratory motor system that activates alongside]). Because HPA-axis dysregulation 
has been documented in studies of women with NES, and because the HPA axis 
was also likely to be dysregulated due to Paula’s reversed sleep pattern, it could 
also have been coloured in (© Kasia Kozlowska 2017)
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The Role of Sex Hormones
Stress has a central role in the emergence of functional somatic symp-
toms in both men and women, but the threshold for developing such 
symptoms is different for the two sexes. Some female sex hormones—
for example, oestrogen—potentiate HPA-axis function and gluco-
corticoid secretion from the adrenal cortex, accentuate the action 
of catecholamines in the brain, activate the immune-inflammatory 
response, and work alongside glucocorticoids to modulate changes in 
gene expression (Chrousos 2010) (see Fig. 4.7). In this context, chronic 
or cumulative stress has a more deleterious impact on post-pubertal 
females than on men and boys. Likewise, this additive engagement of 
female sex hormones in the stress response, as mediated by the HPA 
axis, helps to explain why, in civilian settings, women and  post-pubertal 
girls have always been more susceptible to stress-related illnesses and 
Fig. 4.7 The role of sex hormones in activating the stress response. This figure 
represents the fact that female hormones (specifically, oestrogen) up-regulate 
the stress system (see text for description) and that male sex hormones (specifi-
cally, testosterone) down-regulate it (© Kasia Kozlowska 2017)
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functional somatic symptoms than men and boys. It seems that it takes 
higher levels of stress—as created, for example, in the context of mili-
tary combat—to trigger the same symptom presentations in men and 
boys (see Online Supplement 1.1).
Sex hormones have many diverse roles within the body that 
are unrelated to their role in reproduction. An emerging body of 
work looks at the way that sex steroids modulate the expression of 
 immune-inflammatory cells and molecules within the central and periph-
eral nervous systems, along with the effects of these processes on chronic/
complex pain. For example, recent studies suggest that progesterone and 
testosterone may down-regulate the immune-inflammatory system—
shifting it away from an inflammatory state. The implications of these 
discoveries for the treatment of chronic pain—which involves activation 
of the immune-inflammatory system on the tissue, spinal, and brain sys-
tem levels (see Chapter 9)—are the focus of current research (for refer-
ences see Online Supplement 1.3).
Chapter Summary
In this chapter, and in an effort to make this important scientific mate-
rial about the stress system a bit more intuitive, we have retraced the 
first author’s steps in developing the stress-system model for functional 
somatic symptoms. We have also taken time to look at the model itself.
When working with children it is important to be able to explain 
complex ideas in simple, visual form—and, if possible, in a form that 
can be drawn in the clinic on a piece of paper and then taken home 
by the child and her family. The stress-system model for functional 
somatic symptoms is a simple way of putting together complex infor-
mation about how the body, brain, mind, and relational environment 
interact to make a child vulnerable to functional somatic symptoms. 
In the upcoming chapters we briefly summarize the neurobiology for 
each component of the stress system in order to provide clinicians who 
work with children and families a basic understanding of the biol-
ogy underpinning the stress-system model. In those chapters we try 
to present the information in a clear, succinct form and to use visual 
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metaphors to summarize large chunks of information. In Chapter 
5 we discuss the circadian clock; in Chapter 6, the autonomic nervous 
system; in Chapter 7, the close coupling between the autonomic and 
skeletomotor systems; in Chapter 8, the HPA axis; in Chapter 9, the 
immune/inflammatory system; and in Chapter 10, the important role 
of the  microbiota-gut-brain axis in regulating human health and dis-
ease. We complete our discussion of neurobiology in Chapters 11 and 
12, which discuss the role of the brain itself and, more broadly, the 
role of brain systems and the mind in producing functional somatic 
symptoms.
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Abstract  We begin our exploration of the neurobiology of functional 
somatic symptoms with the circadian clock because every organ, tis-
sue, and cell in our body has a circadian rhythm—and all components 
of the stress system are regulated by the circadian clock. The integrity 
of the circadian clock is important in health and dis-ease, and is often 
dysregulated in children and adolescents with functional somatic symp-
toms. We examine the healing functions of sleep and why good sleep 
is important for subjective well-being, facilitating physiological coher-
ence within the stress system and the body as a whole. We then consider 
sleep interventions as a good starting place for the treatment of func-
tional somatic symptoms. Improvements in sleep can act as a circuit 
breaker, the first step in the process of healing, the first step in the pro-
cess of shifting the body from a dysregulated to a more regulated state.
5
The Circadian Clock and Functional 
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The Circadian Clock
In our hospital-based Mind-Body Program for functional somatic 
symptoms, we (the first author [KK] and her clinical team) noticed that 
many of the children (including adolescents) admitted to the program 
were bleary-eyed in the morning and that they reported that they had 
not slept well during the night. The children also reported—and we 
observed—that after a night of bad sleep, their pain was worse, they felt 
more nauseous, their fatigue was more pervasive, or they felt more off 
and ikky in general. And if the child presented with non-epileptic sei-
zures (NES), we noticed that she was more likely to have one follow-
ing a night of bad sleep. A bleary-eyed child on ward rounds meant a 
hard day for everyone. The child would struggle with the Mind-Body 
Program—to attend the hospital school, to do her physiotherapy, to 
implement her mind-body strategies to manage arousal and pain—and 
the multidisciplinary team would struggle to support the ailing child in 
all these tasks.
Because of these clinical observations, we came to pay the circadian 
clock a great deal of attention. Regulation of the child’s circadian cycle 
became a priority—the intervention that we implemented first—with 
all our patients who presented with functional somatic symptoms. As 
the years went by, we became convinced that regulating the circadian 
clock made a real difference. It seemed to activate the body’s own heal-
ing powers, and the patients who slept better in the right phase of the 
circadian cycle—and not too little or too much—seemed to do better. 
In the stress-system model for somatic symptoms, the circadian clock 
is prominently represented within the top circle, which depicts the 
brain stress systems (see Fig. 4.2). Although the healing powers of sleep 
have long been recognized (Adam and Oswald 1984), new information 
about the circadian clock and the restorative functions of sleep have 
continued to emerge over the last decades. The awarding of the 2017 
Nobel Prize in Physiology or Medicine to three scientists—Jeffrey Hall, 
Michael Rosbash, and Michael Young—for their work on circadian 
biology has highlighted the overarching role of the circadian rhythm in 
understanding health and illness (see Fig. 5.1).
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Evolution
All plants, animals, and humans that live on planet earth have inter-
nal biological rhythms that are synchronized with the earth’s revolutions 
as it orbits the sun. From an evolutionary perspective, these inbuilt day 
and night rhythms—circadian rhythms—have enabled organisms living 
on our planet to predict when it will be hot and cold, light and dark, 
and when predators are likely to be out hunting, thereby facilitating 
adaptations that increase the probability of survival (Smarr 2017). In 
humans, circadian clocks are genetically inbuilt into all the cells of the 
body; cells that work together tend to work in harmony and to share a 
circadian rhythm. In this way, all organs and tissues have their own cir-
cadian rhythms.
Fig. 5.1 The circadian clock system. The large clock in the brain symbolizes the 
master clock in the brain’s suprachiasmatic nucleus that synchronizes all the 
secondary clocks in every tissue and every cell of the body (represented by the 
clocks situated in the body of the figure) (© Kasia Kozlowska 2019)
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The central circadian rhythm is generated by the master circadian clock, 
which lies in the suprachiasmatic nucleus of the hypothalamus (Zelinski 
et al. 2014). The master clock, along with the genes that drive it, is reset on 
a daily basis by exposure to morning light via the eyes. The peripheral circa-
dian rhythms present in cells, organs, and organ systems are also regulated 
by their own gene-based mechanisms. To maintain harmony across and 
between body systems, the master and peripheral clocks maintain constant 
communication via a complex system of neuronal and messenger path-
ways—the autonomic nervous system, neurotransmitters, and neuropep-
tide and hormone messengers—that are expressed throughout the brain and 
body (Zelinski et al. 2014). Information from the body is used by the mas-
ter clock to help synchronize the peripheral circadian clocks (Nader et al. 
2010). Synchronization between different clock rhythms facilitates physio-
logical coherence. This notion of coherence can be understood as the ‘degree 
of order, harmony, stability’ and the ‘degree of synchronization’ between dif-
ferent body systems in the ‘various rhythmic activities’ within the body over 
each near-24-hour period of the human circadian rhythm (McCraty and 
Childre 2010, p. 11) (see Chapter 4).
The Reciprocal Relationship Between the Circadian Clock 
and the Stress System
The circadian clock system and the stress system communicate with 
and regulate each other in many different ways (Nicolaides et al. 2017). 
Each component of the stress system has its own diurnal rhythm, 
and synchronization between components facilitates coherence and 
well-being in a well-regulated body. The master clock regulates the 
 hypothalamic-pituitary-adrenal (HPA) axis, whose end product is cortisol 
(a glucocorticoid) (see Chapter 8). It activates the axis in the early hours 
of the morning to facilitate cortisol production and an increase in energy 
consumption, and deactivates it in the afternoon to decrease cortisol 
production and energy consumption as the body begins to wind down 
for the night (see Fig. 5.2). The autonomic system also follows a circa-
dian rhythm (see Chapter 6). Within the autonomic system, the sym-
pathetic system activates in the early hours of the morning—alongside 
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the HPA axis—and deactivates at night, when the restorative parasym-
pathetic system activates to support biological processes associated with 
energy renewal and with healing and repair functions (Buijs et al. 2013). 
Immune-inflammatory cells, which are found throughout the body and 
brain, likewise follow a diurnal pattern, regulated by the circadian clock 
(Labrecque and Cermakian 2015) (see Chapter 9). As noted above, feed-
back and modulation from all these systems influence circadian clock 
activity and the setting of diurnal rhythms within the body; these ongo-
ing adjustments to the body’s circadian rhythms ensure that the individ-
ual is prepared, and at the right times, to respond to challenges, stress, or 
threat.
Because of the close relationship between the circadian clock and the 
stress system, dysregulation of one system can lead to dysregulation of 
the other. Dysregulation of the circadian clock system (e.g., by night 
shiftwork [in adults] or late-night study routines [in children] or inter-
net surfing throughout the night) can lead to activation of the HPA axis 
and elevated levels of cortisol (a glucocorticoid). These processes can, 
in turn, reset the expression of peripheral clock genes and induce addi-
tional epigenetic modifications in other body systems. Moving from the 
opposite direction, when stress leads to activation of the HPA axis and, 
Fig. 5.2 Diurnal rhythms. This figure shows the normal, healthy diurnal rhythms 
of cortisol, melatonin, lymphocytes (white blood cells), and interleukin-6 (a 
cytokine) (© Kasia Kozlowska 2019)
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in turn, to elevated levels of cortisol, the rhythm of the master circadian 
clock is disrupted, and as described above, peripheral clocks are reset, 
in this case in order to promote a state of wakefulness and high energy 
consumption. While this resetting of the peripheral clocks is adaptive in 
the short term—during periods of stress—because it enables the child 
to adjust the circadian rhythm–linked activity of her brain and body to 
properly respond to stress, it is maladaptive in the long term because 
it adversely affects sleep. Likewise, because of the close relationship 
between the circadian clock and the autonomic system, dysregulation of 
one system can lead to dysregulation of the other. For additional refer-
ences about these interactions, see Online Supplement 1.3.
We can see many of the above processes at work in the following 
vignette:
David was a 15-year-old boy who lived with his mother and older broth-
ers. As a baby and toddler, David had lived in a household dominated 
by strain, conflict, and domestic violence. During primary school David 
often missed school because of asthma, recurrent abdominal pain, and 
frequent viral illnesses. After his parents separated (at the beginning of 
high school), he became depressed. He was treated with a selective seroto-
nin reuptake inhibitor (SSRI) by his family doctor, which helped regulate 
his mood, but he then stopped taking it. His relationship with his father 
continued to be strained. As he got older and wanted to spend more 
time with his friends, his father became jealous of them and complained 
that David should prioritize time with him. His father’s demands were a 
source of ongoing stress. In high school, David began to suffer from pain 
that started in his head but then migrated around his body, with an espe-
cially painful locus in his lower back. Because of this back pain, David 
exercised less and less, became physically deconditioned, and missed pro-
gressively more school. He began to feel lightheaded on standing up due 
to an exaggerated heart rate response (orthostatic intolerance, see Chapter 
6). At night the pain in his back was at its worst, and David reported 
that his spine moved and shifted, causing bulging and pain. Unable to 
sleep at night, David went to bed later and later, and slept into the day. 
He stopped going to school, stopped seeing the physiotherapist, and 
became housebound. His mood dropped; he was constantly fatigued; and 
he began to suffer from suicidal ideation. He then developed functional 
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neurological symptoms—weakness in the right leg, a turned-in right 
foot, loss of sensation in the right leg, and an abnormal gait in which he 
dragged his right leg behind him—and became very depressed. By this 
time his sleep cycle was entirely reversed.
The above vignette is typical of children with functional somatic symp-
toms in one crucially important way: children with such symptoms typ-
ically present at a point that multiple systems are dysregulated, often 
with the problems of one exacerbating the problems with another. 
Another element worth emphasizing is that problems with sleep are 
typically intertwined with the expression—and exacerbation—of 
functional somatic symptoms. The first intervention with David was, 
indeed, to regulate his sleep cycle, thereby correcting his problem of cir-
cadian misalignment, to which we now turn.
The Health Consequences of Circadian Misalignment
The term circadian misalignment refers to a disruption in any of the body’s 
near-24-hour circadian rhythms, including ‘inappropriately timed sleep 
and wake, misalignment of sleep/wake with feeding rhythms, or misaligned 
central and peripheral rhythms’ (Baron and Reid 2014, p. 139). The health 
consequences of circadian misalignment are substantial.
Jet lag, the misalignment of the circadian clock due to travel across 
multiple time zones, is probably the commonest example of circadian 
clock misalignment. It is associated with diverse, but transient, func-
tional somatic symptoms. In addition to daytime sleepiness, fatigue, 
and a general feeling of not being well and difficulty concentrating, jet 
lag commonly involves symptoms that reflect disruption of the gut’s 
circadian rhythms: indigestion, nausea, constipation, diarrhoea, and 
off-schedule defecation.
Shiftwork likewise disrupts light/dark exposure, sleep/wakefulness, rest/
activity, or feeding/fasting cycles, all of which are important in maintain-
ing healthy circadian rhythms. After three days of a shiftwork schedule, 
many metabolites—products of cell metabolism that mark body-system 
function—show a change in their circadian rhythms and a loss of 
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synchrony with the master circadian clock (Skene et al. 2018). The gut’s 
circadian clock shows circadian rhythm reversal. The body experiences 
shiftwork as a chronic stress. The chronic circadian misalignment leads 
to activation and dysregulation of the stress system—autonomic dysreg-
ulation and activation of the immune-inflammatory system—along with 
changes in eating patterns, appetite regulation, glucose regulation, and 
mood. Chronic dysregulation contributes to an increased risk of medi-
cal disorders (e.g., cardiovascular disease), mental health disorders (e.g., 
depression), and functional somatic symptoms and disorders (e.g., irrita-
ble bowel syndrome) (for references see Online Supplement 1.3).
Patterns of Circadian Clock Dysregulation in Children 
with Functional Somatic Symptoms
Patterns of circadian clock dysregulation can be identified in children 
with functional somatic symptoms by taking a careful clinical history. 
As we saw with David, functional somatic symptoms will often result, 
over time, in difficulties with sleep, but the direction of causality can 
also go the other way. Difficulties with sleep or disturbed sleep—
whether the result of illness, anxiety, depression, academic demands, or 
lifestyle factors—may contribute to the factors that trigger or maintain 
the child’s functional somatic symptoms.
Kim was a 14-year-old girl who lived with her parents and an older sister. 
Because Kim’s parents were immigrants, they wanted Kim to do well at 
school and go to university to become a lawyer or a doctor. They had pro-
vided Kim—then 12 years old—with tutoring to help her pass exams for 
a selective school, and the pressure to keep up good grades was relentless. 
When Kim failed to perform up to expectations, her mother would lose 
her temper and yell at Kim. Her father said nothing, but Kim could see 
the disappointment and anger in his face. During the first year of high 
school, Kim—now 13 years old—had begun to study late into the night. 
During the school day she was fatigued, and she started to suffer from 
headaches and bouts of abdominal pain. Whenever Kim’s friends suf-
fered from a cold, Kim seemed to catch it and become sick. By the second 
year of high school, Kim’s sleep was very disturbed. She found it difficult 
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to get to sleep; she woke during the night; and she never felt refreshed. 
She began to experience fainting episodes and had frequent visits to the 
school nurse. When she began to experience non-epileptic seizures, or 
NES, the neurology team involved in her care referred her and the fam-
ily for an assessment with the mind-body team. A subsequent cognitive 
assessment suggested that Kim was an average student and that the expec-
tations that her parents had from her were way above her capacity.
Sleep problems often interact with other functional somatic symp-
toms, leading to the following sort of clinical presentation.
Abigail, a 17-year-old girl in the final year of high school, presented following 
the sudden onset of functional neurological symptoms (functional tremor, gait 
disturbance, and fluctuating visual disturbances). Her history included the 
following: four years of unrefreshing sleep, fatigue, and gut symptoms (nau-
sea, plus diarrhoea alternating with constipation), all in the wake of a hospital 
admission for severe gastritis; and two years of mixed anxiety and low mood. 
She reported that, after the hospital admission for gastritis, her gut function 
had never returned to normal, that her sleep had lost the sense of rejuvenation 
and renewal associated with a good night’s sleep, and that, as a consequence, 
her energy levels had never been the same. For a period of four years she had 
woken unrefreshed and had struggled, day to day, to meet the challenges 
of daily living. The additional demands of the final year of high school had 
proved too much for Abigail. In addition to the symptoms described above, 
her body had responded to the academic stress with new symptoms of chronic 
pain in her head and back (of six months duration) along with the functional 
neurological symptoms that triggered her presentation to hospital.
What is important from the perspective of the stress-system model is 
the idea of a vicious cycle in which the dysregulated stress system affects 
the functioning of the circadian clock, and the dysregulated circadian 
clock affects the functioning of the stress system. As time passes, if the 
systems are unable to reset themselves back to a healthy pattern, the 
dysregulation within the body can become self-reinforcing: stress-system 
activation will continue to disrupt sleep and the physiological coherence 
of the circadian clock, and disrupted sleep and dysregulation of the cir-
cadian clock will maintain dysregulation within the stress system.
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The Restorative Functions of Sleep
A dysregulated circadian clock manifesting as a disrupted sleep rhythm 
is important because it powerfully influences the child’s sense of 
well-being and of physical ease or dis-ease (for a discussion of disease vs. 
dis-ease, see Online Supplement 1.1). When sleep is disrupted, so are 
the vital restorative functions that occur at night—cleaning up, resetting 
the homeostatic system, and regeneration and repair—resulting in a loss 
of well-being. We list some of the restorative functions of sleep below. 
Clinicians can use this information to engage families in sleep interven-
tions and in the treatment process more generally. For references about 
each of these processes, see Online Supplement 1.3.
Restorative System 1: Sleep Cleaning by the Glymphatic 
System
The glymphatic system is like a layer of piping that exists in the space 
between the brain’s blood vessels and the feet of glial cells—the brain’s 
immune-inflammatory cells—and that allows waste products from 
brain cell metabolism to drain out into cerebrospinal fluid. During 
sleep, when the brain stress systems are switched off (sympathetic tone 
and catecholamine levels are low), the glymphatic system expands and 
works at maximum efficiency. In this way, each night as we sleep, the 
glymphatic system gives the brain a sleep clean.
Restorative System 2: Brain Reboot by Synaptic 
Shrinking and Resetting
Nerve cells within the brain reboot and reset during sleep. In the sleeping 
brain the synapses between neurons shrink, which allows new synapses 
to be made the next day. The nightly process of synapse shrinking and 
resetting may facilitate brain health and physical well-being by resetting 
homeostatic set-points across brain-body systems. Synapse shrinking and 
resetting allows new learning to take place the next day and facilitates 
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‘smart forgetting ’ (Tononi and Cirelli 2014, p. 24). It may also help in the 
process of processing, dulling, and putting behind painful memories that 
follow in the wake of adverse life events.
Restorative System 3: Slow-Wave (Deep) Sleep Switches 
Off Arousal and Inflammation
Slow-wave sleep occurs during the first half of the night, is great-
est in young children, and lessens with age (Harvard Medical School, 
Division of Sleep Medicine 2007). Among other things, the HPA axis 
and sympathetic system are generally switched off. In addition, in a 
process sometimes referred to as the anti-inflammatory reflex or cholin-
ergic anti-inflammatory pathway, the restorative parasympathetic system 
(vagal nerve) (see Chapter 6) up-regulates and facilitates restoration and 
repair. The vagal nerve also dampens the production of inflammatory 
proteins, including cytokines, in the spleen and other body tissues, and 
it inhibits macrophage activity throughout the body, effectively shutting 
down the body’s inflammatory processes.
Restorative System 4: Sleep Resets Daytime Pain 
Thresholds
In animal studies, disturbed sleep has been found to increase pain sensi-
tivity—a pattern that is also clinically evident in children with functional 
somatic symptoms. Pain sensitivity may increase for any of the follow-
ing reasons: improperly reset pain thresholds (see Restorative System 
2); increased inflammation or increased sympathetic activation (which 
activates inflammatory cells) (see Restorative System 3); psychologically 
depleted coping resources; or multiple interacting processes.
Restorative System 5: Clean-Up and Repair Molecules
During sleep the body secretes hormones and other molecules—
including melatonin and growth hormone—that are involved in cell 
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reproduction, tissue regeneration, DNA repair, and radical scavenging. 
Melatonin secretion is inhibited with the onset of daylight. Regular sleep 
and maintenance of synchronized circadian rhythms across and between 
body systems appear to be critical for fine-tuning cell cycles and sleep-re-
lated restorative processes that maximize healing, health, and well-being.
Addressing Sleep as a Therapeutic Intervention
As we saw in the section above, all the mechanisms associated with sleep 
work together to maintain restoration and repair processes, and they con-
tribute in a substantive way to the child’s subjective feeling of refreshment 
and well-being following a good night’s sleep. From a clinical perspec-
tive, sleep interventions provide the clinician with a starting point for 
achieving significant changes within a complicated biological system (see 
Fig. 4.2). Sleep interventions are, when needed, a vital first step in help-
ing the child’s body shift from its current, dysregulated state to a state of 
better regulation, health, and well-being. Given that most children and 
families intuitively understand that a good night’s sleep is important for 
health and well-being, the clinician has an opportunity to use a sleep 
intervention as establishing common ground with the child and family. 
Moreover, because the circadian clock and stress system are so interrelated, 
failure to normalize the circadian clock makes it much more difficult for 
the clinician to treat the child’s functional somatic symptoms. A dysreg-
ulated circadian clock will continue to drive stress-system activation, and 
stress-system activation will, in turn, continue to drive the production of 
functional somatic symptoms. By contrast, a better-regulated circadian 
clock helps harness the body’s intrinsic healing functions (see above). And 
when sleep is stabilized, some of the child’s functional somatic symptoms 
might become less intense or even just melt away, resulting in a much less 
complicated clinical picture. In any event, the sleep intervention shifts the 
brain-body system to a more regulated state and increases the probability 
that other, more focused interventions will actually help to reduce or even 
resolve the functional somatic symptoms.
In the following vignettes we provide some clinical examples of the 
types of sleep issues that are part of our clinical practice with children 
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with functional somatic symptoms. The interventions fall along a spec-
trum. Simple interventions involving sleep hygiene measures are always 
implemented first and are appropriate for all patients and all clinical set-
tings (Owens et al. 2019).
When the simple interventions fail (or are reasonably expected to fail) 
to establish restorative sleep, a more assertive intervention is required. 
These mixed interventions combine sleep hygiene measures with simple 
medication regimes that are widely used because of their safe profiles—
they are well tolerated—or because they have a reasonable evidence base 
in paediatric practice. Nonetheless, the use of medication requires ongo-
ing monitoring by a medical professional to ensure that medications are 
used on an interim, short-term basis and discontinued once a healthy cir-
cadian cycle and restorative sleep have been re-established.
Finally, still more assertive interventions are reserved for situations char-
acterized by significant functional impairment, where the risk of chronic 
illness and disability are key concerns. Such presentations may also be 
complicated by severe anxiety, depression, pain, or opiate/benzodiaze-
pine addiction. These assertive, complex interventions, which are typically 
undertaken only after other approaches have been trialled, combine sleep 
hygiene measures with off-label medications, together with withdrawal 
from opiates/benzodiazepines and the treatment of anxiety and depres-
sion. Complex interventions are sometimes seen as controversial because 
of concerns pertaining to the potential for adverse side effects from med-
ications and long-term misuse of medications by patients (for references 
discussing the controversy, see Online Supplement 1.3). Such interven-
tions require careful assessment and monitoring, and they need to be lim-
ited to inpatient, tertiary care settings or the equivalent, where the patient’s 
clinical response to the intervention can be monitored closely, and where 
the risks and benefits of the pharmacotherapeutic intervention can be 
assessed in an ongoing manner.
Three of the following vignettes involve adolescents whom we met 
earlier in this chapter. The fourth vignette describes a complex interven-
tion implemented in the first author’s inpatient setting.
Fifteen-year-old David was very distressed by his functional somatic 
symptoms—migrating pain worse in the back, and right leg weakness 
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and loss of sensation—and he was highly motivated to be accepted into 
the inpatient Mind-Body Program. In establishing a treatment con-
tract with David and his mother, the team explained that the program 
was hard work and that before beginning the program, David needed 
to engage in some preliminary interventions. First, he needed to return 
his sleep cycle to a normal rhythm. He could do this over a two-week 
period by going to bed two hours later each day, until he got to his pre-
vious healthy bedtime of 10 p.m. (see Text Box 5.1). Once he reached 
that point, the team wanted him to take melatonin, a natural substance 
that the brain secretes to help with sleep, so that his sleep cycle stayed 
regulated. They also wanted him to eat breakfast in a sunny spot in the 
house, making sure he got a good dose of morning light. Second, David 
needed to eat three healthy meals a day—including sufficient vegetables, 
fruit, and yogurt—to make sure that he had energy for the program and 
that he was looking after his microbiome, the bacterial community in his 
gut, which plays a key role in body regulation (see Chapter 10). Third, 
David needed to restart the antidepressant (an SSRI) that had helped 
him previously, because the team would be unable to work with him if 
his mood remained low. In addition, since antidepressants improve the 
brain’s plasticity, they would help his body reset pain set-points and so 
on (see references in Online Supplement 1.3). Fourth, he needed to go 
outside the house every day. At first he could mobilize to the front gate, 
but he had to increase the distance by a minimum of two metres a day. 
He also needed to re-engage with his physiotherapist. These  pre-program 
interventions would prepare him for the rigours of the Mind-Body 
Program. David implemented all the above interventions over a six-week 
period. Subsequently, after his two-week inpatient admission, he was 
walking with a normal gait, and his pain had decreased significantly. He 
maintained his improvements over the summer holidays, after which he 
returned to school full time and initiated ongoing therapy.
Text Box 5.1: How to shift the circadian clock back to a normal, 
healthy rhythm
The human sleep cycle, which follows the 24-hour circadian clock, can 
shift itself only about two hours a day (equivalent to two time zones). 
When trying to move away from a very disrupted sleep cycle—for exam-
ple, a reverse sleep cycle of sleeping during the day—some children prefer 
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to reset their clocks gradually by going to bed two hours later each day 
until the targeted sleep time is reached. Going to bed earlier (e.g., by two 
hours each day) generally does not work. Alternatively, it is much faster 
and also potentially easier for the child to accumulate sleep debt by stay-
ing up all day, all night, and all of the following day, and to then go to 
bed at the targeted time.
The situation of 14-year-old Kim, whose academic achievement con-
sistently fell short of her parents’ expectations, was more complicated.
First, the team engaged Kim and her parents in an education session 
about how the body responds when it is pushed too hard, and when it 
does not get enough sleep. Feedback from the separate cognitive assess-
ment was crucial in highlighting that parental expectations that Kim 
become a lawyer or a doctor were inappropriately high. To address these 
issues, a referral was made to see the school counsellor, which would help 
Kim begin to think about other potential career options. The sleep inter-
vention was implemented only after these issues had been aired and Kim’s 
parents had given their explicit consent that she did not need to study 
into the wee hours of the morning. At that point, the team told Kim and 
her parents that the first step in treating the fainting events and NES was 
to regulate Kim’s sleep, and that good sleep would, in turn, help Kim’s 
body to regulate itself. A sleep intervention—a more appropriate bed-
time, a going-to-bed relaxation exercise, the addition of regular exercise 
to Kim’s daily routine, and the temporary use of some melatonin (for a 
three-month period)—was implemented. Kim’s sleep settled quickly, and 
her headaches, fatigue, and abdominal pain settled of their own accord. 
Kim then began to work on strategies to manage her fainting episodes 
and NES (see Chapter 14). Because the frequency of these events had also 
decreased with the sleep intervention, this work took place at a slower, 
more relaxed pace; the pressure and uncertainty were gone since both 
Kim and her family could see that she was getting better.
The situation of Abigail was even more complicated—and unfortunate.
In addition to having a long history of functional somatic symptoms, 
17-year-old Abigail had strong beliefs that medication was bad for the 
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body, and she disliked psychologists and psychiatrists intensely. These 
attitudes made it difficult for her to engage with the mind-body team. It 
was not possible, for example, to determine whether melatonin or treat-
ment of Abigail’s untreated depression could help her improve the qual-
ity of her sleep. Even if Abigail had agreed to trial melatonin or other 
medications, her strong belief system that these substances would some-
how disagree with her would have potentially overridden any therapeutic 
effect, known as the nocebo response (see Chapter 12). It was also not pos-
sible to explore mood issues in other ways, to address Abigail’s relentless 
catastrophizing that intruded into her sleep on a nightly basis, or to teach 
Abigail strategies for down-regulating her arousal. Nor was it possible to 
engage her in the physiotherapy component of the Mind-Body Program. 
Abigail felt ashamed and angry that she had developed functional neuro-
logical symptoms, and she rejected any interventions that the team had to 
offer. She transitioned into the adult medical system, where she contin-
ued to seek alternate explanations for her health problems. She was even-
tually lost to follow-up.
As previously noted, in some children the sleep intervention is espe-
cially complicated because it is intertwined with the treatment of anxi-
ety, depression, or pain, and also with the need to discontinue unhelpful 
medications—such as opiates and benzodiazepines—that the child has 
been prescribed in an effort to manage pain, distress, sleeplessness, and 
arousal. In this context, when it is necessary to use off-label medications 
to stabilize the sleep of a child admitted to the first author’s Mind-Body 
Program, the medications are used on an interim, short-term basis, as 
one small part of an intensive multidisciplinary program—with its con-
current physical, psychological, occupational, and school interventions. 
And as Winfried Rief and colleagues note in a recent article, enriched 
‘social and physical environmental stimulation’ of the type we provide 
in the inpatient setting plays an important role in generating positive 
effects for medications used in psychiatric practice (Rief et al. 2016, 
p. 51). Once sleep has been stabilized for a period of time—usually a 
three- to six-month period—any medications that were used to stabilize 
sleep are withdrawn. The exception is when medications are used also to 
treat comorbid depression or anxiety.
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Jai was a 14-year-old boy presenting with a six-week history of pain-
ful fixed dystonia in the neck—which twisted his head to the left—a 
 four-week bilateral leg weakness and difficulties with coordination of 
his legs, and a two-year history of irritable bowel syndrome. On assess-
ment for the inpatient Mind-Body Program, Jai presented in a wheel-
chair, his neck supported by a Miami J collar. He was in constant pain 
and a chronic state of hyper-arousal (manifest by an elevated respiratory 
rate of roughly 25 breaths per minute). Jai’s chronic pain was punctuated 
by painful neck spasms—brought on by any attempt to change his posi-
tion—during which he would turn white, shake, and clench his teeth. 
His body was generally twisted, and he dangled out over the edge of the 
wheelchair in a C-shape (see Fig. 5.3). He was unable to stand or mobi-
lize independently, and his mother and nursing staff helped him with 
all activities of daily living. At night, Jai was unable to initiate sleep. He 
would eventually fall asleep between midnight and 2 a.m., only to wake 
in pain 3–4 hours later, at which point he begged the nurses to transfer 
him back to his wheelchair because he was unable to manage the pain in 
Fig. 5.3 Line drawing of Jai. This line drawing shows Jai dangling over the edge 
of his wheelchair at the beginning of his admission into the Mind-Body Program 
(© Kasia Kozlowska 2019)
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his twisted position in the bed. On presentation he was medicated with 
high doses of diazepam for the dystonia and oxycodone hydrochloride 
(an opioid medication) for pain. A month into the admission he disclosed 
severe and long-standing anxiety and depression.
Jai’s sleep intervention began with simple sleep hygiene measures, 
moved to a combination of sleep hygiene measures and simple medi-
cations with a reasonable evidence base, and subsequently moved to a 
complex intervention using off-label medications. This last, complex 
intervention, monitored by a child psychiatrist (KK) and a pharmacist 
specializing in psychopharmacology, was necessary in order to simulta-
neously manage arousal and sleep, pain and opiate/benzodiazepine with-
drawal, and mental health issues. The intervention is described in further 
detail below. (For the rationale behind our choice of medications and ref-
erences, see Online Supplement 5.1.)
• Establishing a regular bedtime/waking schedule. In addition to setting a 
reasonable schedule, we banned electronics in the late evening (which 
would otherwise contribute to keeping Jai awake into the early hours 
of the morning).
• Opening of curtains and switching on room lights in the morning to 
ensure exposure to the bright Australian sunlight.
• Melatonin (3 mg, then 6 mg, then 9 mg) to help Jai with sleep initia-
tion. This helped a little.
• Decreasing arousal (in this case, by adding nighttime clonidine). Together 
with the melatonin, the clonidine enabled Jai to fall asleep at night 
at his 11 p.m. bedtime, but it failed to keep him asleep. Jai contin-
ued to wake with pain and to remain awake in the early hours of the 
morning.
• Using quetiapine to improve sleep quality and length (25 mg titrated 
to 75 mg). Jai’s sleep normalized; he did not awake from pain in the 
middle of the night; and he stopped experiencing each night as a 
form of torture (twisted, in pain, and, in terms of mobility, helpless). 
The improved sleep also increased his capacity to participate in the 
program.
• Discontinuing benzodiazepines. The diazepam was ceased on admission 
into the program because of its addictive properties.
• Discontinuing opiates. Although opiates alleviate pain in the short 
term, using them to alleviate chronic pain ends up potentiating the 
pain (for references see Online Supplement 5.1). In this context, the 
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opiates were slowly withdrawn over a period of months (for details see 
Khachane et al. [2019]).
• Trialling botulinum toxin type A (Botox). The botulinum toxin 
decreased both the frequency of Jai’s debilitating neck spasms and the 
pain associated with them.
• Quetiapine was changed to mirtazapine (7.5 mg titrated to 22.5 mg) 
when Jai disclosed long-standing severe anxiety and depression. 
Despite significant sleep disruption during the changeover, Jai’s sleep 
eventually settled at the higher dose. After roughly six weeks on 
mirtazapine, Jai’s mood began to improve, and his pain settled even 
further.
• Self-hypnosis was added to the sleep routine once the team discov-
ered that Jai was highly hypnotizable (see Chapter 15). Jai used 
 self-hypnosis to help him position his body for sleep and to help him 
fall back to sleep if he awoke.
The entire sleep intervention, as described above, took three months. It 
was six months into his Mind-Body Program before Jai could sit and 
sleep in a normal position, and seven months into the program before 
he started to stand independently and mobilize on crutches, and was 
discharged. One month after discharge—after more than eight months 
of illness—he began to walk independently. For a detailed descrip-
tion of Jai’s case and all components of the intervention with Jai, see 
Khachane and colleagues (2019).
Sleep Interventions as the Groundwork 
for Effective Treatment
In the Mind-Body Program, we celebrate good sleep and highlight it 
as the child’s first therapeutic achievement on the path toward health 
and well-being. We also ask the child to protect her sleep at all costs—
no late nights or sleeping in until things have settled. Unless the child 
comes from a culture where naps are part of the sleep routine, we avoid 
naps during the day and replace them with rest times, during which the 
child implements self-regulation strategies.
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The vignettes in this chapter highlight the many different interven-
tions that clinicians can use to help stabilize the child’s sleep: education 
about sleep, circadian alignment, the management of electronic devices, 
sun exposure on waking, the addition of regular exercise to the daytime 
routine, relaxation, hypnosis (or other regulation techniques) at bed-
time, and prescribing melatonin and other medications.
The use of medication requires that a child psychiatrist or paediatrician 
be a core member of the multidisciplinary team and that the risks of using 
medication (because of the potential side effects) and of not using medi-
cation (because of the potential for chronic illness and disability) be care-
fully assessed. While the concerns about inappropriate and long-term use 
of unnecessary or ineffective medications are important to keep in mind, 
we know from our clinical experience that—unless and until the child 
obtains good, restful, restorative sleep—other interventions are much less 
likely to succeed, and improvement is likely to be minimal or far too long 
in coming. Failing to treat functional symptoms—including disrupted 
sleep—efficaciously has its own risks. From a neurobiology perspective 
one can expect that the neurophysiological dysregulation, brain connectiv-
ity changes, and brain plasticity changes that occur in functional somatic 
disorders may become irreversible—and the presentation chronic—if the 
patient’s neurobiological system is not stabilized in a timely fashion. In this 
context, we have included multiple vignettes, ranging from clinical scenar-
ios in which the sleep component can be easily managed to ones in which 
the sleep component is especially difficult or even impossible to treat. Our 
hope is that this range of cases will help the reader to understand the diver-
sity of presentations for functional somatic symptoms and also to under-
stand the resulting need for flexibly adjusting to the challenges presented 
by each particular patient.
* * *
In this chapter, we have seen that the circadian clock and the stress 
system are closely interconnected, that activation of the stress system can 
adversely affect the circadian clock, and that disruption of the circadian 
clock can activate or dysregulate the stress system. These interconnections 
can create a vicious cycle that contributes to the child’s lack of well-being— 
dis-ease—and to the emergence of functional somatic symptoms. 
5 The Circadian Clock and Functional Somatic Symptoms     117
Early goals in any treatment are to shift the child toward better sleep, a 
healthier circadian rhythm, and coordination of circadian rhythms 
between body systems. Not only will the child’s sense of well-being—of 
physical and psychological ease—improve, but achieving these preliminary 
goals will result in a better-regulated stress system and will facilitate the 
treatment of functional somatic symptoms. In Chapter 6 we discuss the 
autonomic system and its role in generating functional somatic symptoms.
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Abstract  In this chapter we continue our exploration of the neurobiology 
of functional somatic symptoms by considering the autonomic nervous 
system. In response to stress, the autonomic system activates into defen-
sive mode to prepare the body for protective action. And when protec-
tive action is no longer necessary, the system typically deactivates. But 
if the child has faced stress that is chronic, uncontrollable, unpredict-
able, cumulative, recurrent, or overwhelming, the autonomic system 
may remain activated and represent an ongoing burden on the body. In 
this chapter we discuss functional somatic symptoms that are the direct 
expression of the activation or dysregulation of the autonomic system.
We have chosen to discuss the autonomic nervous system next because 
the functional somatic symptoms related to the stress-related acti-
vation of this system are common both in daily life and in clinical 
practice. Activation and dysregulation of the autonomic system in 
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children (including adolescents) has been documented across the full 
spectrum of functional disorders (see table in Online Supplement 6.1). 
Therapeutic approaches that target the autonomic system are there-
fore a cornerstone of treatment (see Chapter 14). More broadly, some 
approaches to psychotherapy—for example, Peter Levine’s Somatic 
Experiencing, Patricia Ogden’s Sensorimotor Psychotherapy, or Kathy 
Kain’s use of therapeutic touch—use tracking and settling/release of 
autonomic activation patterns as their primary therapeutic tools (Levine 
1997; Payne et al. 2015; Ogden and Fisher 2015; Kain and Terrell 
2018). And these activation patterns are so important and, to the 
trained therapist, so tangible that some therapists from the bodywork 
tradition ‘listen’ only to the story told by the body and never ask for the 
body’s story to be told in words. Understanding the autonomic system 
and its patterns of activation also enables clinicians to devise therapeutic 
approaches for infants and preverbal children (Porges et al. 2019).
What that all means for us in clinical practice is that we need to identify 
and understand the relevant patterns of autonomic activation if we are to 
make good progress is treating our patients. While this chapter focuses on 
the body expression of symptoms associated with the autonomic nervous 
system, it is important to keep in mind that the autonomic system is regu-
lated by the brain (Craig 2005) and that changes in autonomic activation 
also involve changes in the brain stress systems (see Chapter 11). In the 
stress-system model, the interdependence between the autonomic system 
and brain stress systems is represented by the overlapping circles in Fig. 4.2.
On a final note, we hope that as readers make their way through this 
chapter, they will bring to mind the patterns of activation that their 
own bodies experience in the face of stress. Understanding their own 
patterns of activation will enable psychotherapists to be more effective 
in recognizing them in the children they work with.
The Autonomic Nervous System and Body 
Regulation
The autonomic nervous system relies on electrical signalling by neurons 
to fine-tune body state second-by-second. Its afferent, interoceptive 
nerves (from the body to the brain) carry information to the brain 
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about the body’s physiological condition (Craig 2003). The autonomic 
system’s efferent nerves (from the brain to the body) innervate all the 
internal organs and tissues of the body, such as the heart, liver, bladder, 
gut, white and brown fat, immune cells, and connective and other tis-
sues, including the fascia and the smooth muscle within the blood ves-
sels and body organs. All the organs and tissues from inside the body 
are called the viscera. Because the efferent nerves innervate the viscera, 
including heart muscles and constriction or relaxation of smooth mus-
cle, they are sometimes referred to visceromotor nerves.
The autonomic nervous system has two main components: the sym-
pathetic system and parasympathetic system. The latter includes both a 
restorative and a defensive component. The differentiation between the 
restorative and defensive components of the parasympathetic system is 
the work of Stephen Porges (2011) (see Online Supplements 1.2 and 
6.1). The main nerve containing parasympathetic nerve fibres, both 
restorative and defensive, is the vagal nerve, and for this reason the 
terms referring to that nerve, including vagal and vasovagal, are often 
used to refer to parasympathetic activation. See Fig. 6.1 and following 
sections for further details.
The Autonomic Nervous System  
and Attachment Figures
The baseline balance between these three components of the auto-
nomic nervous system is substantially influenced by attachment figures, 
who function as biopsychosocial regulators (for references see Online 
Supplement 1.3). In this capacity, sensitive attachment figures help 
children develop good autonomic regulation characterized by higher 
restorative parasympathetic activation and lower sympathetic activa-
tion. By contrast, attachment figures who are themselves dysregulated 
are  unable to help their children regulate. Stress—whether physical 
(illness or injury) or psychological (worry, fear, conflict in interpersonal 
relationships)—has an adverse effect on the autonomic system balance in 
both attachment figures and their children. Interventions that promote 
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Fig. 6.1 A simplified functional visual representation of the autonomic nervous 
system. Afferent signals from the body to the brain provide the brain with inter-
oceptive information about the state of the body (figure on the left). Efferent 
signals from the brain to the body—involving both the sympathetic and restor-
ative parasympathetic systems—provide second-by-second fine-tuning of body 
state (figure on the right). In addition, when needed (as in response to threat), 
the sympathetic nerves (depicted in red) up body arousal by increasing heart 
rate, activating the secretion of adrenalin (from the adrenal glands), adjusting 
vascular tone, and so on. Likewise, restorative parasympathetic nerves (depicted 
in blue) down body arousal (e.g., by decreasing heart rate). The defensive par-
asympathetic nerves (depicted in purple) work alongside the sympathetic sys-
tem in response to threat by activating defensive programs in the gut and in 
the heart. Online Supplement 4.4 includes a version of the functional visual rep-
resentation of the autonomic nervous system that can be printed out (© Kasia 
Kozlowska 2013)
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restorative parasympathetic activation via touch, vocal connection, 
 eye-to-eye contact, and emotional communicating serve to support auto-
nomic regulation in young children (Porges et al. 2019) (Fig. 6.2).
The Autonomic Nervous System Under 
Conditions of Low Stress and Safety
Under conditions of safety and low stress, the sympathetic and par-
asympathetic systems work together continually, and in a comple-
mentary manner, to regulate body state. For example, in the heart the 
sympathetic system functions like an accelerator (increasing heart 
rate when needed), and the parasympathetic system functions like 
a brake (decreasing heart rate). Similarly, in most situations the sym-
pathetic nerves activate immune-inflammatory cells into defensive 
mode (when needed), and parasympathetic nerves down-regulate 
 immune-inflammatory cells into restorative mode.
Sympathetic efferent nerves to body organs and tissues innervate, and 
with the exception of the gut and bladder, usually activate those organs 
on a second-by-second basis to maintain ongoing bodily functions. Via 
activation of the adrenal medulla, the sympathetic system also facilitates 
the release of adrenaline and noradrenaline, thereby enabling the cat-
abolic, energy-expending responses that are needed to maintain body 
functions.
Restorative parasympathetic efferent nerves also innervate body organs 
and tissues to regulate body state, but in a manner that complements, 
and sometimes counteracts, the sympathetic system. Their priority, 
however, is to efficiently manage key life processes such as digestion (to 
appropriate energy from food), elimination of waste products, energy 
conservation, and tissue regeneration and repair, as well as to maintain 
a body state that facilitates close emotional connection with significant 
others (Porges 2011; Porges and Carter 2011). For a detailed account 
of specifically which nerves innervate which organs and tissues, see 
Wehrwein and colleagues (2016).
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With the exception of an ongoing role in orienting to sudden changes 
in the environment that may represent potential danger—which results 
in a decreased heart rate—defensive parasympathetic efferents are largely 
offline, waiting in the background to activate in response to threat.
Thus, overall—under conditions of safety and low stress—the sym-
pathetic system has a catabolic effect, causes the release of energy, and 
is associated with arousal, whereas the parasympathetic system has an 
anabolic effect, increases saving and storing of energy, and is associated 
with rest and restoration. Under such conditions, the child is rarely 
Fig. 6.2 Mother and child co-regulating. This figure depicts a mother figure 
(and her autonomic nervous system), a child figure (and her autonomic nervous 
system), and the co-regulation between them (© Kasia Kozlowska 2019)
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aware of body changes mediated by the autonomic nervous system. She 
may notice when her stomach rumbles with hunger, or when her heart 
thumps and skin sweats after she has been running, or when she blushes 
and her face heats up. But most of the time the autonomic system just 
chugs along in the background.
The Autonomic System Under Conditions 
of Acute Stress, and Episodic Functional Somatic 
Symptoms
Under conditions of stress or in response to signals of danger, the sym-
pathetic and parasympathetic systems shift into their respective defen-
sive modes:
Sympathetic system (see Fig. 6.3). In response to threat or danger—
whether physical, psychological, or both—the sympathetic system revs 
up. In the body as a whole, increased sympathetic activation raises 
energy consumption, heart rate, and vascular resistance, all in order 
to prepare the body for defensive action. Children may consequently 
experience what they describe as a thumping heart (a high heart rate), 
sweatiness (activation of sweat glands), and sudden changes in body 
temperature (changes in dilation and constriction of blood vessels near 
the skin). In the mouth and gut—as a means of making energy available 
for more urgent purposes—sympathetic activation disrupts, and poten-
tially entirely shuts down, salivary gland, gastric, and colonic function. 
Because salivary glands are affected, dry mouth is a common symptom 
of sympathetic arousal. In some cases of chronic sympathetic arousal, 
the child feels that the food she swallows is just sitting in the stomach 
(sometimes described as having what feels to be a rock in the stomach) 
or that she ‘just can’t eat’. In other cases the child experiences symptoms 
of constipation. Increased sympathetic activation also affects sleep, with 
children describing difficulties with sleep initiation and increased arous-
als in the early hours of the morning (see also Chapter 5).
Parasympathetic system. Stress triggers a response in both the restora-
tive and defensive parasympathetic systems.
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The activity of the restorative parasympathetic system decreases. Most 
importantly, withdrawing the parasympathetic break on the heart 
increases the heart rate immediately and also frees the sympathetic 
system to increase the heart rate, if necessary, even more. In addition, 
withdrawal of restorative parasympathetic activity and activation of 
the sympathetic activity is associated with lower pain threshold in the 
gut (i.e., more susceptibility to pain), which creates a risk for develop-
ing hyperalgesia (pain responses to stimuli that do not trigger pain in 
healthy controls) (see Online Supplement 1.3). This is probably why 
abdominal pain is such a common symptom in young children who 
experience significant stress and also why adults experiencing severe 
Fig. 6.3 A girl in a state of high arousal. The state of high arousal, in which 
sympathetic activation, including that of the sweat glands in the skin and 
smooth muscles of the pupils and eyelids, is coupled with skeletomotor activa-
tion. The child often describes a thumping heart, sweatiness, feelings of heat on 
the inside, tightness in the muscles of the body, and an increased breathing rate 
or a sensation of not getting enough air. The observer may be aware of dilated 
pupils and a widening of the eyes (© Kasia Kozlowska 2019)
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stress or anxiety sometimes report that something makes them ‘feel sick 
to the stomach’.
Altan was a 10-year-old boy in year 4 of primary school. His family had 
moved house in the middle of the academic year, and he was now attend-
ing a new school, where he was the target of teasing from boys in the year 
above him. Altan began to worry about going to school. In particular, he 
was worried about being waylaid by the boys at the front gate and teased. 
At night he had trouble falling asleep (decreased restorative parasympa-
thetic [vagal] activation, increased sympathetic activation, and increased 
hypothalamic-pituitary-adrenal [HPA] axis activation [see Chapter 8]). In 
the mornings he was unable to eat and complained of abdominal pain 
and nausea, and sometimes he vomited (decreased restorative parasympa-
thetic [vagal] activity and activation of defensive parasympathetic [vagal] 
programs to the gut). Altan’s symptoms melted away when a neighbour 
suggested that Altan walk to school with her twin boys, who were in 
year 6. Altan now happily went to go to school feeling safe—and with a  
settled autonomic nervous system—in the presence of his new buddies.
Alongside the withdrawal of the restorative parasympathetic system, 
the defensive parasympathetic system lowers its set-point, which enables 
this system to activate its defensive programs for the heart and for the gut 
and bladder more readily, thereby working in tandem with the sympa-
thetic system to defend the child’s body from threat or danger. Again, it is 
important to note that these defensive parasympathetic programs are usu-
ally offline; they are activated only when the sympathetic system reaches a 
certain threshold involving severe or imminent threats or danger or when 
defensive parasympathetic fibres are (reflexly) activated by threat stimuli.
In response to a threat or danger that arises suddenly (including 
sudden pain or shock), activation of defensive parasympathetic (vagal) 
nerve fibres to the heart (see Fig. 6.4) can suddenly slow it down (brad-
ycardia) or briefly stop it (resulting in asystole)—which is, in extreme 
circumstances, itself a defence response (Roelofs et al. 2010). Possible 
manifestations include dizziness and giddiness (symptoms that occur 
before a faint) or actual fainting. The most well-recognized expression of 
this response is blood phobia—that is, fainting in response to the sight 
of blood (Ost et al. 1984).
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In the following vignette of Jean-Luc, we see a man whose faint-
ing episodes started as a child and recurred well into middle age (with 
potentially still more to come). Jean-Luc, like his mother, suffered from 
fainting events mediated by activation of the defensive parasympathetic 
(vagal) nerve fibres to the heart—an activation that was usually, but not 
always, induced by acute pain.
At 12 years of age, after his mother tapped him on the elbow—on the 
ulnar nerve—as a reminder of good table manners, Jean-Luc’s eyes rolled 
back, and he fell off his chair to the floor. At 20, in a science lab, he 
fainted when his procedure on a live frog (in preparation for dissection) 
went badly amiss. At 44, he fainted in response to an intense stomach 
pain in a pub, hitting his head on the counter. Because he was bleeding, 
and because the pub’s bouncers assumed that he had been causing trou-
ble, he was thrown out onto the street with a warning. At 54, he twisted 
his leg and fractured his fibula while playing ball with a group of children 
Fig. 6.4 Activation of defensive parasympathetic programs to the gut and 
heart. Frame A. Activation of defensive parasympathetic programs to the 
gut causes activation of nausea and vomiting programs in this child. Frame B. 
Activation of defensive parasympathetic programs (vagal nerve fibres) to the 
heart causes threat-induced fainting in this child (© Kasia Kozlowska 2018)
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at a party. During the sudden sharp intense pain, he fell to the ground, 
aware that he was losing consciousness. At 55, Jean-Luc was asleep in a 
hotel in Europe. In the middle of the night he woke up with a growing 
pain in his stomach from food poisoning or a gastrointestinal bug. As the 
pain got worse, he got up to go the bathroom to vomit (defensive para-
sympathetic program). The next part of the story is given in Jean-Luc’s 
own voice: ‘I vomit all my guts in the toilet, and it seems to get better. 
Then a second wave comes, very sharp and intense, and I lean again over 
the toilet bowl. I don’t remember passing out. Next I wake up. My body 
is stuck between the toilet and the wall in a weird position. Luckily, I did 
not fall from high and did not hit anything. I don’t know how long I have 
been there, but most probably not more than a few minutes.’
Activation of defensive parasympathetic programs for the gut 
and bladder manifest as nausea and vomiting (see Fig. 6.4) and as 
 fear-induced faecal or urinary incontinence or simply as an increase in 
(sudden) bowel motions or urinary frequency, with the consequence 
that the child complains that she repeatedly needs to run urgently to the 
 toilet to defecate or urinate. Common examples of this mechanism—
which many readers will be familiar with—include the feeling of nau-
sea in response to an aversive stimulus/memory or the need to run to 
the toilet to empty the bladder before public speaking. These defensive 
programs were developed (via evolution) to empty the gut in case of poi-
soning or infection, or to rid the body of unnecessary weight when flight 
was required. The defensive parasympathetic programs to empty the gut 
can operate at the same time as the sympathetic programs that tend to 
shut down the gut, so that the child can experience alternating bouts of 
diarrhoea and constipation.
Chronic Activation or Dysregulation  
of the Autonomic Nervous System in Children 
with Functional Somatic Symptoms
Chronic activation or dysregulation of autonomic function is a per-
vasive feature of functional presentations. It contributes to, and 
helps maintain, dysregulation of the stress system as a whole and the 
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associated, nonspecific symptoms of fatigue, nausea, disrupted sleep, 
sensation of a beating heart, and so on. But in some cases this chronic 
activation/dysregulation of autonomic function expresses itself in stable, 
repeating symptom patterns in one or more body systems. Because these 
symptom patterns are both recognizable and common, they have been 
given medical names such as irritable bowel syndrome, irritable bladder, 
and orthostatic intolerance (also known as postural orthostatic tachycar-
dia syndrome [POTS]). For historical terminologies pertaining to auto-
nomic dysregulation—for example, in soldiers from the American Civil 
War—see Online Supplement 1.1.
The following vignette of Barbara highlights how the concomitant 
increase in sympathetic activity, decrease in restorative parasympathetic 
activity, and increase in defensive parasympathetic activity can manifest 
in chronic gut symptoms.
Barbara was a 13-year-old girl with a two-year history of chronic abdomi-
nal pain and nausea, punctuated by episodes of recurrent vomiting that led 
to dehydration and that brought her repeatedly to hospital. Barbara and 
her family were refugees. Many of Barbara’s relatives in her home village—
including her father and older brother—had been threatened by armed 
militia, sometimes at gun point. Barbara’s immediate family fled the vil-
lage, but the rest of her relatives stayed behind. On arrival to Australia, 
Barbara had nightmares about the well-being of her aunt, who had helped 
raise Barbara and her siblings. At night Barbara often woke from her 
nightmares sweaty and with her heart racing (sympathetic activation). She 
also began to suffer from recurrent episodes of abdominal pain (changed 
pain thresholds associated with increased sympathetic, and decreased 
restorative parasympathetic, activity), leading to frequent visits to the 
local hospital’s emergency department. A year after arrival, she and other 
members of her family experienced a bout of gastritis that required, in her 
case, admission to hospital. After the gastritis resolved, she continued to 
feel nauseous, had trouble eating, and suffered from vomiting episodes 
(activation of defensive gut programs mediated by the defensive parasym-
pathetic system). Her abdominal pain also spread: she now also suffered 
from headache and pain in the hip (central pain sensitization/activation of 
pain maps; see Chapter 11). Her nausea and retching were triggered on 
a daily basis, whenever it was time to eat a meal (activation of defensive 
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parasympathetic system and defensive gut programs). She had difficulty 
maintaining her weight. She missed a lot of school. When Barbara experi-
enced any emotional stress or distress—for example, when she had a falling 
out with a friend, when her father was unwell, or when there was con-
flict with a teacher—her symptoms (pain, nausea, and vomiting) would be 
triggered, and she would present to the emergency department in a dehy-
drated state. (For other factors that could have contributed to Barbara’s 
presentation, see Chapter 10 about the  microbiota-gut-brain axis.)
The following vignette of Carmen highlights how the loss of a parent 
can lead to chronic autonomic dysregulation presenting as fainting epi-
sodes. We can hypothesize that the sudden death of Carmen’s father led 
to significant distress and concomitant autonomic activation—a with-
drawal of restorative vagal activity, plus sympathetic arousal—as well 
as a changed set-point for activation of the defensive parasympathetic 
system (defensive vagus), resulting in more frequent activation of the 
defensive parasympathetic system (defensive vagus) and frequent faint-
ing (vasovagal) events. Previously for Carmen, such events had been epi-
sodic—for example, in response to the sight of blood.
Carmen was a 14-year-old girl from a middle-class family. Prior to the 
death of her father in a motor vehicle accident, Carmen had occasionally 
fainted when standing in the heat. Having her blood taken or seeing the 
needles used for vaccination also made her queasy, and in a few instances 
she had fainted. Following her father’s death, Carmen’s distress was 
extreme, and she thought of her father frequently. At school she began 
to have almost daily episodes of fainting (activation of the defensive par-
asympathetic fibres [defensive vagus] to the heart). Her friends reported 
that she would turn white, drop to the ground, and recover herself soon 
after. On several occasions she sustained significant injuries to her arms 
and head. Carmen has no memory of the faints.
Autonomic dysregulation manifesting as orthostatic intolerance (or 
POTS) expresses itself via physical symptoms of dizziness, giddiness, 
palpitations, lightheadedness, near-fainting, and fainting on standing 
up from a reclined or sitting position. It involves too little restorative 
parasympathetic (vagal) activity (allowing heart rate to increase), too 
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much sympathetic activity (through which heart rate increases even 
more), and no change in blood pressure (Stewart 2012; Wells et al. 
2018) (for details about POTS and additional references, see Online 
Supplement 6.1). Orthostatic intolerance is often accompanied by 
nausea—or even abdominal pain or vomiting—reflecting concomi-
tant activation of defensive gut programs by the defensive parasympa-
thetic system. It is frequently comorbid with other functional somatic 
symptoms or syndromes. Because the autonomic nervous system is very 
sensitive to stress, orthostatic intolerance is a common consequence of 
physical or psychological stress, such as surgery, a viral illness, gravita-
tional deconditioning (too much bed rest), puberty (growth spurt or, 
for girls, the onset of menstruation), a traumatic event, cumulative 
adverse life events, or ongoing distress in the context of family conflict.
In the following vignette of Ines, we see orthostatic intolerance in 
a young girl with non-epileptic seizures and social anxiety. The stand-
ing test mentioned as part of the vignette is done on waking. The child 
stands for ten minutes with heart rate and blood pressure being taken 
at one-minute intervals. A heart rate increase of ≥40 beats per  minute 
(accompanied by symptoms) without a significant lowering of blood 
pressure gives a good indication of orthostatic intolerance.
Ines was a 13-year-old girl living with her parents and her older sister. Ines 
was bullied throughout primary school, which she had managed by avoid-
ing close friendships. She also had a history of fainting if she stood too 
long in the heat. When Ines was in high school, her sister was assaulted. 
In the aftermath of the assault, the sister became depressed and began to 
self-harm. Ines worried about her sister: her mind produced vivid images 
of her sister being assaulted, being carved up with a knife, and dying from 
suicide. Ines presented with non-epileptic seizures— zoning-out events 
lasting minutes, plus periods of collapse and unresponsiveness lasting 
minutes to hours. She also reported nausea, wobbliness, fatigue, and diz-
ziness. The latter cluster of symptoms typically manifested on standing. 
Sometimes she also had diarrhoea. During a  ten-minute standing test, 
Ines was found to have a high baseline heart rate of 90 (>75th percentile) 
that increased to 160 during the test, with no drop in blood pressure, all 
consistent with orthostatic intolerance and a diagnosis of POTS.
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Orthostatic intolerance is also frequently encountered in chronic pain 
patients secondary to a loss of physical conditioning that has resulted 
from a lack of exercise:
Orthostatic intolerance was confirmed in Paula, the bed-bound  15-year-old 
girl with chronic pain and recent onset of functional neurological symp-
toms (leg weakness and functional blindness), whom we met in Chapters 
2 and 3. Immediately upon waking in her hospital bed, Paula would begin 
catastrophizing about her pain, about feeling sick, and about going to the 
hospital school. Her heart rate would range around 85, and her respiratory 
rate around 25. On a standing test, Paula’s heart rate rose from 84 beats per 
minute to 146 beats over six minutes, with no significant drop in blood 
pressure (see Table 3.1). Paula felt sick and lightheaded; her respiratory rate 
increased; and her panic increased. It increased again when she was taken to 
school, culminating in a panic attack.
Another pattern of autonomic dysregulation is overactive bladder, 
manifesting as urinary frequency or urgency, which is thought to involve 
too much (defensive) parasympathetic activity coupled with too little 
sympathetic activity (Aydogmus et al. 2017). (For a discussion of uri-
nary retention, see Chapter 7.)
Ghani was a 12-year-old girl who spent one month in hospital, confined 
to her bed with pneumonia. When Ghani was discharged home, she con-
tinued to experience symptoms of fatigue, dizziness, and intermittent 
headaches, and she had difficulties concentrating on her schoolwork and 
could manage only half days at school. She also developed urinary fre-
quency and felt like she needed to go to the toilet all the time. All urol-
ogy tests were normal. A standing test showed that when Ghani stood 
up from a resting position, her blood pressure was stable, but her heart 
rate increased by 69 (90 to 159) beats per minute (reflecting significant 
sympathetic activation on standing). A hyperventilation challenge showed 
chronic hyperventilation (see Chapter 7). The diagram of the autonomic 
nervous system (see Fig. 6.1) was used to explain that the long period in 
bed—because of the pneumonia—had contributed to dysregulation of 
the autonomic system, that this dysregulation was causing Ghani’s irri-
table bladder symptoms and her dizziness on standing, and that it was 
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contributing to her symptom of fatigue. To help regulate her autonomic 
nervous system and switch down her respiratory motor system, Ghani 
added breath training to her home rehabilitation/recovery program.
As noted earlier, Online Supplement 6.1 presents a table summariz-
ing paediatric studies showing autonomic dysregulation in relation to 
wide-ranging functional problems, including chronic pain/chronic 
abdominal pain, irritable bowel, chronic fatigue, functional neurological 
disorder, and disturbed sleep.
* * *
We hope that after reading this chapter, the mental health clinician 
working with children will be better able to identify and track patterns 
of activation in the body—both by asking the child and family better 
questions, and by observing activation patterns in the body itself. We 
are confident that the clinician will discover that a large number of 
child patients suffer from symptoms that pertain to activation or dys-
regulation of the autonomic nervous system (see vignettes scattered 
through this chapter). The child, in turn, will find it very reassuring to 
know that the clinician understands the language spoken by the body, 
understands the manner in which the body is causing the symptoms, 
and knows how to implement strategies that can help the child settle 
her body and, as in Chapter 3’s vignette of Paula, enable the symptoms 
to melt away.
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Abstract  In this chapter we continue our exploration of the neuro-
biology of functional somatic symptoms by considering the skeletomotor 
system. When the stress system activates, the skeletomotor system acti-
vates in tandem, to prepare the body for protective action. And when 
protective action is no longer necessary, the skeletomotor system typi-
cally deactivates. But if the child has faced severe stress of one kind or 
another, with the consequence that stress-system activation is main-
tained, activation of the skeletomotor system may also be maintained 
even though there is no immediate need. This maladaptive activation 
of the skeletomotor system may express itself in aberrant motor pat-
terns. Some of these patterns are easily recognizable as body responses 
to threat that have somehow remained activated even in the absence of 
current threat. Other motor patterns mimic neurological conditions 
and result in significant functional impairment. In this chapter we also 
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introduce the reader to the fascia system. The fascia envelops and sup-
ports skeletal muscle (and other organs and tissues) and plays an impor-
tant role in symptoms involving the skeletomotor system.
The skeletomotor system includes skeletal muscles, the motor nerves that 
innervate these muscles, and the motor-processing regions in the brain 
that control all aspects of motor function. Skeletal muscles are made up 
of striated muscle fibres (cells) that attach to the bones of the body. These 
muscles enable the body to move and to address, through action, the 
challenges of daily life. Anatomists refer to the motor nerves that inner-
vate these muscles as somatomotor nerves. The word soma comes from the 
Greek and means body (or body proper ). The skeletomotor system man-
ages motor activation of the body (soma) as a whole. By contrast, as we 
saw in Chapter 6, the efferent nerves of the autonomic nervous system, 
known as visceromotor nerves, innervate heart muscle and smooth mus-
cle—which is found in body organs and tissues (e.g., blood vessels and 
glands)—and also control increases in body arousal. For the origins and 
anatomy of different types of muscles, see Online Supplement 7.1.
Because functional symptoms pertaining to the skeletomotor system 
frequently involve pain, we must also mention the afferent nerves—
which are part of the interoceptive system—that carry information 
about body state (including pain) from skeletal muscle to the spinal 
cord and then to the brain. These afferent interoceptive nerves play a 
key role in chronic musculoskeletal pain. Locally, in chronic pain the 
endings of these nerves may release pro-inflammatory molecules in skel-
etal muscle (called neurogenic inflammation). The nerves themselves 
(separate from the activity at their endings) carry interoceptive and 
pain information from muscle to the spinal cord. In the spinal cord—
which is part of the central nervous system—these same nerves release 
 pro-inflammatory molecules, resulting in central sensitization, a state in 
which pain signals are maintained and amplified. In turn, this central 
sensitization (in the spinal cord) activates nerves carrying pain signals 
through the spinal cord to the brain, where they help maintain activa-
tion of pain maps and the subjective experience of pain. For further dis-
cussion of pain and pain maps, see Chapters 9 and 11.
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Functional somatic symptoms associated with the skeletomotor system 
are wide ranging. Individual children (including adolescents) have their 
own characteristic patterns of skeletomotor response to stress. One sim-
ple way of conceptualizing this idea, which is used to organize the present 
chapter, is to borrow a notion introduced by Leah Helou and colleagues 
(2018), who refer to ‘laryngeal muscle responders’: individuals who 
respond to stress by tightening up the laryngeal muscles that make up the 
voice box. By the same token, and as discussed in this chapter, some chil-
dren respond to stress by activating their postural muscles; others activate 
their respiratory muscles; others the muscle groups involved in actions 
such as coughing; and so on. Importantly for our purposes, each of these 
different patterns, when excessive, maladaptive, or aberrant, can present 
as functional somatic symptoms. But just how any particular pattern of 
symptoms is classified or described will depend upon the medical profes-
sional initially consulted. For example, excessive activation of laryngeal 
muscles may be called functional/habit/psychogenic cough (if presenting with 
a cough to a respiratory physician), muscle tension dysphonia (if present-
ing with loss of voice to a speech pathologist), functional dysphagia (if pre-
senting with concurrent difficulties in swallowing to a gastroenterologist), 
muscle tension dysphagia (if presenting with difficulties in swallowing to an 
otorhinolaryngologist), or functional tic disorder/functional neurological dis-
order (FND) (if presenting with vocal noises to a neurologist). For refer-
ences see Online Supplement 1.3.
The Skeletomotor System Works Together 
with the Autonomic Nervous (Visceromotor) 
System
Activation of the skeletomotor system and activation of the autonomic 
nervous system occur hand in hand. The two systems function as coupled 
systems (Koizumi and Brooks 1972; Dum et al. 2016; Jafari et al. 2017) 
(see Fig. 7.1). They work together as an integrated whole. This collabora-
tion begins on the brain system level and flows through to the body sys-
tem level. Activation of the autonomic system—in particular, an increase 
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in sympathetic arousal—is typically accompanied by activation of the 
skeletomotor system, and vice versa. Likewise, when one of these systems 
becomes excessively activated or dysregulated, the other does so, too.
Fig. 7.1 The autonomic and skeletomotor systems as coupled systems. The fig-
ure on the left represents the efferent (motor) component of the autonomic 
system. The sympathetic nerves are depicted in red. The restorative parasym-
pathetic nerves are depicted in blue. The defensive parasympathetic nerves are 
depicted in purple. The figure on the right represents the skeletomotor system. 
The holding of hands represents the coupling between the two systems. The 
autonomic system—also known as the visceromotor system—activates to medi-
ate increases in body arousal and motor changes in the organs and tissues. The 
skeletomotor system activates to mediate an increase in breathing rate (to keep 
up with the body’s increased need for oxygen for producing energy), to increase 
tone in skeletal muscles to prepare the body for action, and to generate move-
ment. The systems work together as an integrated whole (© Kasia Kozlowska 
2017)
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Because of this coupling between systems, some therapists refer to 
coupled activation of the autonomic nervous system and skeletal mus-
cle as tension patterns (Baker 2017) or as stress-related bracing or patterns 
of constriction or contraction (see Online Supplement 7.1). Body-oriented 
psychotherapists—such as those working from Peter Levine’s Somatic 
Experiencing, Patricia Ogden’s Sensorimotor Psychotherapy, or Kathy 
Kain’s use of therapeutic touch—use tracking and settling/release of auto-
nomic/skeletal muscle/fascia activation patterns as their primary therapeu-
tic tools (Levine 1997; Payne et al. 2015; Ogden and Fisher 2015; Kain 
and Terrell 2018).
Brain Stress Systems and Skeletomotor Function
While this chapter focuses on the body expression of aberrant motor 
symptom patterns, it is important to highlight that all of the symptom 
patterns described below also involve, and are the result of, excessive 
activation of the brain stress systems (for further discussion see Chapter 
11). That is, excessive activation of the brain stress systems appears 
either (1) to maintain activation of motor-processing regions that are 
associated with and generate specific aberrant motor patterns or (2) to 
disrupt motor processing in the brain, generating unusual motor pat-
terns that mimic neurological diseases (and are diagnosed as FND).
Symptoms Associated with Muscles That 
Stabilize Body Posture
Sympathetic activation and its state of high arousal are typically coupled 
with increased tone in postural muscles, which stabilize body posture 
and ensure that the body is prepared for action. Increases in tone involve 
activation of both skeletal motor units (detectable on electromyogram) 
and muscle spindles (detectable with needle microelectrodes) (for muscle 
spindles and pain, see Online Supplement 7.1). Increased tone in pos-
tural muscles also occurs in stressful situations for which actions either 
are not required or cannot actually be taken effectively. Such situations 
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include those whose origins are psychological (e.g., anticipatory anxi-
ety, catastrophizing, traumatic memories), interpersonal (e.g., conflicts 
within relationships), or even intellectual (e.g., difficult cognitive tasks).
For example, a child may have an urge to punch a bully in the face, 
but this type of physical, protective action is generally deemed inap-
propriate in the current cultural context, and is typically inhibited. The 
upshot is that the body will still activate the motor action pattern (the 
skeletal muscles preparing for action, including the punch) but without 
the follow-up action—the punch itself—taking place.
Mild increases in muscle tone involving particular action patterns in 
response to psychological, interpersonal, or intellectual stress are com-
mon and will generally abate relatively quickly. But persistent or recur-
ring increases in tone can be maladaptive (Westgaard et al. 2013) and may 
result in pain or sensations of tension in the head, neck, back, hamstring, 
and calf muscles. In children, this sort of excessive musculoskeletal tension 
can usually be identified as tenderness, trigger points, and increased mus-
cle tension on palpation (Simons et al. 1999). Such increases in tone—the 
patterned activation of muscles—will typically contribute to symptoms of 
fatigue. And if the activation of these muscles is recurrent and ongoing, 
all the factors that are associated with, and that maintain, chronic pain 
potentially come into play (see above and Chapters 9 and 11).
Greta, a 17-year-old girl in the final year of high school, was hoping to 
become a doctor; her study schedule was often gruelling. After any protracted 
period of studying, Greta suffered from tension and pain in the muscles that 
support posture: the muscles of her neck, shoulders, and legs (hamstrings and 
calves). At night the hamstring muscle on the right throbbed with pain.
Symptoms Arising in Connection with Muscles 
of the Respiratory Motor System: 
Hyperventilation
‘Hyperventilation is a respiratory stress response that occurs most typ-
ically in situations of uncontrollable stress, fear, and pain’ (Jafari et al. 
2017, p. 997). In states of arousal, sympathetic activation is coupled 
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with increases in respiratory rate to ensure an increase in the oxygen 
(O2) supply to cells for the production of energy—a process known 
as cellular respiration (see section on cellular respiration in Online 
Supplement 7.1). Carbon dioxide (CO2), the waste product of cellular 
respiration, diffuses into the blood and is then eliminated by the lungs. 
The homeostatic range for arterial CO2 is 36–52 mm Hg (up to 52 mm 
Hg in sleep). If the arterial CO2 is below the homeostatic range—the 
gold-standard test for hyperventilation—then the child is, by defini-
tion, hyperventilating. That is, the child is breathing faster than needed 
by metabolic demand, faster than required to eliminate the CO2 pro-
duced by cellular respiration. In such circumstances—with activation of 
the respiratory motor system (skeletal muscles that mediate respiration) 
exceeding the body’s actual oxygen need—functional somatic symptoms 
may arise.
Transcutaneous monitors—a small probe placed on the finger—now 
enable researchers to measure arterial CO2 noninvasively by its diffusion 
across the skin. Arterial CO2 is denoted as pCO2: the p refers to the 
partial pressure of carbon dioxide in the arterial blood when measured 
by a transcutaneous monitor.
In clinical practice, where transcutaneous monitors are not usually 
available, respiratory rate—with the guidance from reference ranges 
(Fleming et al. 2011, p. 3636)—is used as an approximate measure of 
hyperventilation. Very high resting-state respiratory rates (>25 breaths 
per minute in children 9 years and older; see following vignette) fall 
above the 99th percentile and are a clear indictor of an overactivated 
respiratory motor system—and hyperventilation. High breathing rates 
(≥21 breaths per minute for children 8–11 years and ≥19 breaths per 
minute for adolescents 12–15 years) fall above the 75th percentile and 
are highly suggestive of an overactivated respiratory motor system and 
hyperventilation (Kozlowska et al. 2017; Chudleigh et al. 2019).
Twelve-year-old Bella presented to the emergency department with a 
recurrence of non-epileptic seizures (NES) and an increase in the fre-
quency of her fainting episodes in the context of long-term diagnoses of 
postural orthostatic tachycardia syndrome (POTS) and irritable bowel 
syndrome. The emergency doctor observed hyperventilation before 
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and during the NES, with respiratory rates of over 40 breaths per min-
ute. The video electroencephalogram (EEG) tracing was normal. The 
transcutaneous probe that measured arterial CO2 showed that Bella 
was already hyperventilating in the resting state (pCO2 of 34 mm Hg, 
before Bella was instructed to hyperventilate as part of the hyperventi-
lation challenge). During the hyperventilation component itself—when 
the technician used a pinwheel to help Bella hyperventilate—Bella’s head 
dropped, and she became unresponsive, dropping the pinwheel at 25 mm 
Hg (a pattern that replicated some of her NES). During the 15-minute 
recovery period, Bella failed to return to homeostasis (see Fig. 7.2). Her 
 resting-state heart rate was frequently ≥90 beats per minute (above the 
75th percentile), and her resting heart rate variability (a measure of calm-
ness) on the biofeedback device used by the team was low (reflecting low 
restorative parasympathetic activity). Taken together, the biomarkers sug-
gested overactivation of the respiratory motor system coupled with over-
activation of the autonomic nervous system.
Hyperventilation and low pCO2 are associated with a cascade of 
neurophysiological changes (for the neurophysiology of hyperventila-
tion, see Online Supplement 7.1). As with other biological responses, 
the pattern of each child’s individual response to hyperventilation var-
ies from one child to another (see Fig. 7.3 picturing children with dif-
ferent responses). What this means clinically is that some children 
experience, for example, florid symptoms in response to hyperventila-
tion, whereas some children do not. It also means that many patterns 
of presentation can be encountered clinically, with different children 
presenting with different symptom patterns involving different body 
systems. Clinicians therefore need to keep in mind the entire spectrum 
of hyperventilation-related symptoms and to be able to identify these 
symptoms in any particular child, whether the symptoms occur in iso-
lation (e.g., hyperventilation-induced chest pain) or alongside other 
 hyperventilation-induced symptoms (e.g., hyperventilation-induced 
chest pain plus changes in consciousness). In addition, children can pres-
ent with chronic hyperventilation combined with sudden, time-limited 
periods of hyperventilation (like Bella), or they can present with such 
 time-limited increases alone, in which case their respiratory rates (and 
arterial CO2) in the relaxed, resting state may be normal.
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Hyperventilation is associated with major changes in both the body 
generally (not just the respiratory system) and the brain.
In the Body
Hyperventilation causes sensory and motor nerves to become acti-
vated. Excessive activation of nerves may cause pins and needles in the 
hands and feet, twitchy muscles, or even spasms in the hands or feet 
Fig. 7.2 Bella’s hyperventilation challenge. This figure shows that Bella was 
hyperventilating at baseline, even before the EEG technician asked her to hyper-
ventilate. She then dropped her pCO2 further (as expected) but was unable to 
reach the homeostatic range—or even her baseline level—after a 15-minute 
recovery period (© Kasia Kozlowska 2017)
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(carpopedal spasms). Hyperventilation also causes vasoconstriction of 
arteries supplying blood and oxygen to the heart. Excessive vasocon-
striction decreases blood flow and delivery of oxygen, and may cause 
 hyperventilation-induced chest pain. Sustained increases in respiratory 
rate over time—which increase the body’s demand for energy—will 
contribute to symptoms of fatigue. When talking with the family, the 
clinician can point out that the child’s respiratory motor system is work-
ing very hard and that it is not surprising that the child feels fatigued 
and exhausted.
Fig. 7.3 Different body responses to hyperventilation. Individuals’ physiological 
responses to hyperventilation vary widely, as these three examples of hyperven-
tilation indicate. The boy on the left experiences chest pain due to constriction 
of cardiac arteries. The girl in the middle experiences dizziness and blurry vision 
due to constriction of cerebral arteries. The girl on the right experiences pins 
and needles (paraesthesias) and painful cramps of muscles in hands and feet 
(carpopaedal spasms) due to increased excitability of sensory and motor axons in 
the peripheral nervous system (© Kasia Kozlowska 2017)
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In the Brain
Hyperventilation initially causes cortical excitation; that is, it increases 
brain arousal and neuron excitability. High levels of cortical arousal can 
impair prefrontal cortex function, shift the brain to a defensive mode 
of organization, and increase the probability that evolutionarily more 
primitive modes of neurological function will emerge (Arnsten 2015).
If hyperventilation continues beyond the short term, it causes (to an 
extent that varies from individual to individual) vasoconstriction of arter-
ies supplying blood and oxygen to the brain, resulting in decreased blood 
flow and delivery of oxygen, and in some degree of cerebral hypoxia. 
Symptoms of cerebral hypoxia include dizziness, changes in vision (rang-
ing from changes in colour to complete blackout), decreasing levels of 
consciousness (to loss of consciousness), loss of muscle tone (potentially 
culminating in falling), and so on. The prefrontal cortex is particularly 
sensitive both to cortical arousal and to hypoxia.
What this means clinically is that some children will have changes 
in consciousness with hyperventilation. In some cases, their heads will 
drop, and they will be ‘out of it’ for a few seconds; other children may 
faint; others may have episodes of crying and distress (loss of top-down 
inhibition); and still others will go into an altered, dissociated state. In 
extreme cases, the child may even experience an NES, with spasmodic 
movements (Kozlowska et al. 2017). The stressed brain undergoes a 
cascade of neurobiological changes that we are only just beginning to 
understand. Hyperventilation contributes to these changes in a major 
way. Importantly, interventions that target breathing and that improve 
regulation of the respiratory motor system provide powerful tools to 
help the child regulate her brain and body (see vignette of Bella, below).
Twelve-year-old Bella, whom we meet earlier in the chapter, learnt to iden-
tify body symptoms that signalled that she was beginning to hyperventilate, 
including not feeling real and a sense of ‘spacing out’, a change in the qual-
ity of auditory and visual stimuli, a cold feeling in the chest and stomach, 
and feeling dizzy. Bella learnt to implement a slow-breathing strategy—at the 
point that she first noticed the warning signs—to avert the pending NES.
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Symptoms Associated with Increased Tone 
in Laryngeal Muscles and the Vocal Folds
The intrinsic laryngeal muscles that are involved in voice production are 
striated muscles attached to cartilage (for details about striated muscles, 
see Online Supplement 7.1). The vocal folds—also popularly known as 
vocal cords—are made up of mucous membrane and intrinsic laryngeal 
muscle. Sound is produced when the vocal folds vibrate. In states of 
high arousal, sympathetic activation is coupled with increased tone in 
the laryngeal muscles, together with increased tone in the postural mus-
cles of the neck, back, and legs (Helou et al. 2013, 2018; Kozlowska 
et al. 2015) (see also Online Supplement 7.1). This increase in laryn-
geal muscle tone causes an increase in the pitch of the voice, with the 
consequence that the vocalizations of stressed children are high in pitch. 
The same things happen in other mammals, for example, rat pups emit 
high-pitched—actually, ultrasonic—vocalizations on separation from 
their mothers, which the rat pups find to be very stressful (for references 
see Online Supplement 1.3).
Functional presentations involving the laryngeal muscles/vocal folds 
include functional aphonia (total loss of voice), functional dysphonia 
(high-pitched baby voice, whispered phonation, falsetto voice, vocal 
fatigue, voice instability [including a breathy, hoarse, or rough voice]), 
diplophonia (with two tones concurrently), and a voice that breaks 
uncontrollably or has a tight, strained, or strangled quality (Baker 2017).
Akin to other functional neurological symptoms, symptoms involv-
ing the laryngeal muscles/vocal folds are associated with aberrant pat-
terns of motor activation in the brain and with aberrant activation 
of the brain stress systems (Dietrich et al. 2012; Roy et al. 2019) (see 
Chapter 10). Likewise, patients with functional voice disorders, like 
others with functional somatic symptoms, typically present to the 
health care system with a single set of functional symptoms, but, if 
asked, they also report other symptoms pertaining to activation of the 
stress system more generally (Demmink-Geertman and Dejonckere 
2002; Helou et al. 2018) (see Online Supplement 7.1).
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The case of Brian is an amalgam kindly put together by our colleague 
Jan Baker, a speech pathologist who has particular expertise with func-
tional voice disorders (Baker 2017).
Brian, a 15-year-old boy, presented for speech therapy assessment with 
a functional dysphonia of four years’ duration. Even though Brian was 
post-pubertal—puberty had started at age 11 years—his voice pitch 
remained abnormally high, with marked vocal instability in the form of 
uncontrollable pitch breaks from falsetto phonation to a rough, diplo-
phonic voice. Other names for this type of functional dysphonia are 
puberphonia and mutational falsetto. Brian had seen many speech thera-
pists and ear, nose, and throat specialists. Repeated laryngoscopic assess-
ments had confirmed the following: normal laryngeal and vocal-fold 
structures; extreme tension in the extrinsic and intrinsic laryngeal mus-
cles; and tight sphincteric constriction of the false vocal folds, often 
obliterating the view and interfering with the function of his true vocal 
folds. A trial of botulinum toxin injection into Brian’s false vocal folds 
had been administered on one occasion in order to elicit relaxation of this 
extreme pattern of supraglottic constriction, but the intervention was not 
effective.
On presentation, Brian appeared to be physically tense, with raised 
shoulders, high clavicular breathing, and a tight jaw. He appeared anxious 
and shy, found it difficult to make eye contact, and noted that he found 
his high-pitched voice both embarrassing and debilitating. He acknowl-
edged that his parents and school teachers were concerned about the 
effect that his voice was having on his school attendance and also about 
his reticence to join in activities with other young people. His devel-
opmental history, carefully put together by the therapist, disclosed no 
severely stressful life events or difficulties either at the onset of puberty or 
over the four-year period of his dysphonia.
In the ordinary course of events, a brief, one- or two-session interven-
tion by a speech pathologist is effective in restoring normal phonation in 
adolescents such as Brian. For Brian, however—because he had not dis-
closed the psychological stress that was driving the functional dysphonia 
(see below)—the intervention took months of coordinated effort involving 
Brian, his family, his school teachers, and two close friends. Standard behav-
ioural techniques to facilitate normal phonation proved ineffective. The 
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breakthrough came when Brian was able to experience his normal voice in 
association with a strongly felt emotion—in Brian’s case, his laughter while 
watching television in the privacy of his bedroom. A strategy was devised 
to record Brian’s voice during a particular program that he enjoyed. In the 
recording of Brian’s free, uninhibited emotional laughter, Brian heard and 
recognized his normal voice at a pitch and quality appropriate to his age and 
maturity. The essence of this intervention was to build upon his spontane-
ous motor functioning (in the form of laughter), thereby changing the focus 
of attention and releasing his voice from cortical, or ‘top-down’, control and 
interference. It was only after many months of therapy—with Brian being 
held in both a trusting therapeutic relationship and trusting relational net-
work (family, teachers, and friends) while searching for his true voice—that 
he was able to raise and address issues that had been troubling him since the 
age of 12. Ever since his voice started to break (at puberty), Brian had held 
fears that he might be gay—which he now felt able to discuss.
In rare cases, an overly robust motor response in the larynx can cause 
complete adduction of the vocal folds, ventricular bands, and supraglot-
tic structures, thereby closing the airway, cutting off or reducing oxy-
gen supply, and causing hypoxia. Potential sequelae include a change in 
consciousness, fainting, or fainting followed by a hypoxia-related NES. 
In some cases, this sphincteric vocal fold adduction is misdiagnosed as 
asthma. For clinical vignettes detailing atypical, stress-related motor 
responses in the larynx, see Kozlowska and colleagues (2018a, b).
Mika was a 9-year-old boy with a history of chronic, treatment-resistant 
asthma and weekly presentations to hospital. He was very anxious about 
his asthma attacks. Sometimes when Mika thought that he was having 
an asthma attack, he would begin to panic, his heart would race, and 
he would begin to breath quickly, coughing intermittently and taking 
in huge, noisy gulps of air. In this state of high arousal, his vocal folds 
would adduct, thereby closing his air passage. During one such event, the 
respiratory specialist visualized the adduction of the vocal folds using a 
laryngoscope. Mika’s noisy breathing would suddenly stop, his eyes would 
roll back—a blue tinge around his lips signalling hypoxia—and he would 
slump to the side. Sometimes Mika would be incontinent of urine, and 
sometimes his body would jerk and shake (a hypoxia-related NES). (This 
vignette was first presented in Kozlowska et al. 2018a.)
7 The Skeletomotor System and Functional Somatic Symptoms     151
Symptoms Associated with Muscles  
of the Inner Ear
The muscles of the inner ear—the tensor tympani and stapedius—are 
the smallest striated muscles in the body. Contracting in response to 
noise, they inhibit, through what is known as the acoustic reflex, the 
vibrations of the small bones in the middle ear and thereby inhibit, 
in turn, the transmission of sound. In children, persisting tinnitus or 
sound sensitivity is often triggered by physical stress (e.g., attendance at 
a loud concert) or infection (e.g., a viral infection). Akin to other func-
tional somatic symptoms, aberrant motor patterns that maintain tinni-
tus appear to be maintained by ongoing activation of the brain stress 
systems (Chen et al. 2017; Leaver et al. 2011) (see Chapter 11). For 
vignettes see Louisa in Chapter 2 and Bellynda in Chapter 8.
Symptoms Associated with Muscles Involved 
in Coughing
Coughing is a motor pattern that involves muscles of the larynx, phar-
ynx, chest, and diaphragm. Cough is a defensive reflex that ‘preserves the 
gas-exchanging functions of the lung by facilitating clearance of aspirate, 
inhaled particulate matter, accumulated secretions, and irritants that are 
either inhaled or formed at sites of mucosal inflammation’ (Canning et al. 
2014, p. 1633). The cough reflex can be triggered by activation of par-
asympathetic (vagal) afferents from the larynx, trachea, and bronchi, as 
well as by irritation of the lower oesophagus (in a subgroup of individu-
als) or by mechanical stimulation of the ear (mechanical stimulation of 
afferent vagal fibres in the external auditory canal can activate the cough 
reflex in another subgroup of individuals). Functional cough (also known 
as habit or psychogenic cough) or throat clearing usually develops in the 
wake of an infection involving the pharynx or the bronchi. Like other 
functional disorders, functional cough is an aberrant motor pattern that is 
presumably maintained by ongoing activation of the brain stress systems 
(Canning et al. 2014). The symptoms of functional cough may range 
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from mild coughing to intense, almost constant coughing that resembles 
a goose honking or a dog or seal barking. The third author (HH) had a 
patient who had been ‘barking’ almost continuously for more than a year.
Symptoms Associated with Muscles Involved 
in Swallowing, Belching, and Rumination
Functional somatic symptoms can also occur in connection with motor 
patterns that involve the striated (skeletal) muscles in the throat, neck, 
and chest (innervated by somatomotor nerves) and smooth muscle in 
the upper gastrointestinal tract (innervated by the autonomic nervous 
system). These muscles work together to enable swallowing, belch-
ing, and rumination. Gastroenterologists commonly refer to the func-
tional somatic symptoms associated with these processes as (aberrant) 
behaviours, habits, or reflex responses that develop as reactions to stim-
uli such as food, infection, strong emotions, or even acute work pres-
sure. Functional disorders associated with swallowing and belching 
(and unrelated to any organic pathology) include globus sensation (the 
feeling of having a lump in the throat), excessive belching (bringing up 
air), rumination/regurgitation (bringing up food, in a process similar to 
belching), and other unwanted action patterns mediated by this group 
of muscles. Akin to other functional somatic symptoms, these motor 
patterns appear to be maintained by ongoing activation of the brain 
stress systems (Tornblom and Drossman 2018) (see Chapter 11).
For more information—and references—about the mechanics (mus-
cle patterns) in belching, rumination/regurgitation, and globus sensa-
tion, see Online Supplement 7.1.
Functional symptoms involving muscles of breathing and swallowing 
can present as lone symptoms (see case of Fiona in Kozlowska [2013]), 
as a cluster of symptoms involving breathing or swallowing functions, 
or, as in the following case of Maddie, alongside other functional neuro-
logical symptoms.
Maddie, a 15-year-old girl—the youngest of six children—attended a 
special school for the intellectually impaired. Maddie’s family split their 
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time between the farm (run by the family, and now her father, for gener-
ations) and the city (where Maddie lived with her mother, whose chronic 
medical condition required her close proximity to the hospital). Despite 
her intellectual disability, Maddie had done well because she had always 
been supported by her siblings. But when Maddie turned 15, her sister—
the last sibling living in her mother’s house—left home to get married, 
leaving Maddie responsible, all on her own, for managing the house, 
the physical and emotional needs of her ill mother, and the continuing 
demands of her own schooling. Three months into this new arrange-
ment, Maddie experienced a fall, knocking her head and hurting her 
right knee. In the very short term, she suffered from a loss of memory—
she no longer remembered that her sister had left home—and also from 
pain in her right knee. Over the next month, the memory loss did not 
resolve, and the pain spread to involve Maddie’s whole leg. After seeing 
many doctors, who could find no medical explanation for her problems, 
Maddie was referred to the complex pain clinic.
Because the farm work was at its peak in and around this time period, 
the visits from those living on the farm—Maddie’s father and some of 
her siblings—were brief, and Maddie became more and more distressed. 
Three months after her fall, she began to complain of a lump in the 
throat that fluctuated in intensity, that came and went, and that, when 
present, made it difficult to swallow food. Maddie also began to experi-
ence episodes of panic: breathlessness, dizziness, blurred vision, sweat-
iness, a pounding heart, and tingling in the fingers, feet, neck, back, 
shoulders, and left side of the face. During these episodes, Maddie’s res-
piratory rate would reach 40 breaths per minute, which she was unable 
to lower. The panic attacks soon morphed into NES, which sometimes 
lasted over an hour (Kozlowska et al. 2018a). During the NES, Maddie 
was unresponsive, and her body shook and jerked. Sometimes she was 
aware of what people said around her, and sometimes not. Following one 
prolonged NES, Maddie experienced a range of other functional neuro-
logical symptoms that took weeks to resolve: she lost power in her legs 
and could no longer feel them, was unable to void her bladder, lost her 
capacity to talk, and had difficulty swallowing, with the consequence 
that saliva dribbled from the corner of her mouth. After substantial work 
regarding regulation strategies and some changes in the family situation, 
Maddie regained use of her legs, bladder, voice, and swallowing, and 
joined her father and siblings on the farm. Because her NES had not yet 
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resolved, she initially wore a bike helmet when mobilizing around the 
property. Twelve months later, all her symptoms had fully resolved, and 
Maddie was happily contributing to the running of the family farm, with 
intermittent visits to her mother in the city.
Symptoms Associated with Muscles in the 
Bladder Sphincter
The skeletal muscle in the bladder sphincter is innervated by somato-
motor nerves. The smooth muscle in the bladder sphincter is innervated 
by sympathetic (visceromotor) nerves, and the smooth muscle in the 
bladder wall is innervated by parasympathetic (visceromotor) nerves. 
Urination is a coordinated response involving (1) inhibition of sympa-
thetic efferents and relaxation of smooth muscle fibres in the urethral 
sphincter, (2) inhibition of somatic efferents and relaxation of striated 
muscle fibres in the urethral sphincter, and (3) activation of efferent 
parasympathetic fibres and concomitant contraction of the bladder 
wall. Because the skeletomotor and autonomic (sympathetic) systems 
are coupled, stress-related activation of the sympathetic efferents cou-
pled with activation of somatomotor efferents to the sphincter may be 
responsible for stress-related (functional) bladder retention. For brain 
regions involved in urination, see references in Online Supplement 1.3.
Symptoms That Mimic Neurological Diseases
For completeness, we mention symptoms that mimic neurological con-
ditions such as stroke, epilepsy, or infections of the brain. Common 
symptoms include weakness or paralysis of the legs or arms, loss of 
coordination of the legs, and contraction of muscles, causing abnormal 
posture of the limbs (dystonia). We discuss these presentations in more 
detail in Chapter 11. Neurologists consider these symptoms under the 
umbrella of FND. Some presentations associated with increased tone 
in laryngeal muscles and the vocal folds are also included under FND. 
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Likewise, bladder retention sometimes occurs alongside other FND 
symptoms and may be included under FND because it mimics neuro-
logical conditions involving the spinal cord.
The Fascia
Fascia—connective tissue—is present throughout the body (Stecco 
2015). Superficial fascia refers to a fibrous layer that lies within the 
skin and that covers the body. This fascia protects the body as a 
whole. Deep (muscular) fascia ‘refers to all of the well-organized, dense, 
fibrous layers that interpenetrate and surround muscles, bones, nerves 
and blood vessels, binding all of these structures together into a firm, 
compact, continuous mass’ (Stecco et al. 2016, p. 162). This fascia helps 
maintain posture and supports body movements. Visceral fascia refers to 
the layers of connective tissue that surround, wrap, and help suspend 
the organs and tissues. This fascia plays a role in maintaining homeosta-
sis—the internal environment of the body.
The fluidity or rigidity of the fascia system is linked to the child’s 
sense of health and well-being. Healthy interactions between the child 
and the attachment figure, including physical contact that modifies the 
fascia system—for example, soothing touch such as holding the child 
tight or stroking the child’s body—will simultaneously settle the auto-
nomic system, deactivate the skeletomotor system, and modify both the 
pliability and texture of the fascia, contributing to the child’s sense of 
physical and emotional well-being (Schleip 2003; Schleip and Klingler 
2019). Likewise, many of us find that therapeutic touch or physical pal-
pation techniques help release tension patterns in our own bodies.
By contrast, activation of the autonomic system, with an increase 
in sympathetic arousal, is typically accompanied by increased activ-
ity of skeletal muscle and increased tension within the fascia system. 
Presumably, these increases, if chronic, will contribute both to aberrant 
motor patterns that present as functional somatic symptoms and to 
symptoms of pain that accompany some of these patterns. For example, 
we can hypothesize that the recurrent abdominal and mediastinal pain 
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(precordial catch syndrome) experienced by 15-year-old Evie (whom the 
reader met in Chapter 2) involved fascial tension patterns, much like the 
mechanisms that are hypothesized for chronic urogenital pain in women 
(Jantos, forthcoming 2020; Jantos and Stecco, forthcoming 2021).
In addition, because immune-inflammatory cells also reside 
within the fascia and because the fascia is rich is nerve recep-
tors that carry interoceptive information (e.g., pain), activation of 
 immune-inflammatory cells by stress (physical or psychological) is likely 
to contribute to chronic pain by secreting pro-inflammatory molecules 
that activate pain neurons from within the fascia (Jantos, forthcoming 
2020) (see also Chapter 9).
For a simple-to-read article about fascia and references to science arti-
cles, see Online Supplement 7.1.
* * *
In this chapter we have examined the many different functional somatic 
symptoms that involve aberrant activation of the skeletomotor system. 
We have seen that the skeletomotor system works in close collaboration 
with the autonomic nervous system—increases in arousal are accompa-
nied by activation of skeletal muscles—and that aberrant activation of 
the skeletomotor system/motor systems in the brain is maintained by 
activation of the brain stress systems. In the face of stress, whether phys-
ical or psychological, both systems activate together to manage threat. 
When these processes go awry—when the interplay between these sys-
tems becomes maladaptive—aberrant motor patterns that present as 
functional somatic symptoms may arise. In Chapter 8 we look at the 
role of the hypothalamic-pituitary-adrenal (HPA) axis in functional 
somatic symptoms.
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Abstract  In this chapter we continue our exploration of the neuro biology 
of functional somatic symptoms by considering the role of the hypo-
thalamic-pituitary-adrenal (HPA) axis. It is a complicated system that 
helps to regulate energy, and that affects cell function and gene expres-
sion, throughout the body. In addition to playing a fundamental role in 
body regulation day to day, the HPA axis activates in response to stress 
and, when dysregulated (via either chronic hyper- or hypo-activation), 
plays a central role in all stress-related disorders. The vignettes in the 
chapter are designed to bring the neurobiology and dysregulation of the 
HPA axis, which are often difficult to detect, more into clinical focus.
As with all life processes, the body’s efforts to regulate and maintain 
its internal environment—its milieu intérieur (see Online Supplement 
1.2)—require energy. More broadly, all of the body’s efforts to adapt to 
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the everyday challenges, stress, and dangers of daily life require energy, 
and it is the hypothalamic-pituitary-adrenal (HPA) axis that makes the 
moment-by-moment adjustments required for that purpose.
The HPA axis is part of the body’s energy-regulation system—a 
coordinated system that spans multiple system levels, from brain sys-
tems that continually anticipate the body’s energy needs (Kleckner 
et al. 2017) to energy-regulation mechanisms in each individual cell 
(Picard et al. 2018). Any activation of the stress system in response 
to physical or psychological stress involves concomitant adjustments 
in energy regulation. The HPA axis relies on hormones for communi-
cation and signalling; these protein molecules serve ‘as messengers 
between cells, telling them what’s happening elsewhere and how they 
should respond’ (Kushiro et al. 2003, p. 203) (see Fig. 8.1). This sort 
of  chemical-communication system is thought to have originated 
Fig. 8.1 The HPA axis. Dysregulation of the HPA axis can occur on any level of 
the system. ACTH = adrenocorticotropic hormone. CRH = corticotropin-releasing 
hormone (© Kasia Kozlowska 2019)
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primevally, before the plant and animal kingdoms separated from each 
other in evolutionary history (Kushiro et al. 2003). Within the body, 
hormones typically work relatively slowly—in a matter of minutes to 
hours.
Shifting Gear to Systems Thinking:  
A Few Tips to the Reader
The HPA system is immensely complex, and many imminent scientists 
have dedicated their lives to studying it (see Online Supplement 1.2). 
By the same token, clinicians from non-medical backgrounds may find 
this chapter challenging. While we do not expect the reader to master 
the science of the HPA axis (and we do not make any attempt to pres-
ent it in any detail here), it is helpful to understand the fundamental 
processes and how they can go wrong.
In this context, it may be helpful for the reader to shift gear from lin-
ear to systems thinking, and to conceptualize the HPA system as having 
wide-ranging effects throughout the body, all the way down to the level 
of the individual cell. To capture this complexity, scientists use numer-
ous expressions (e.g., signalling cascades ) to communicate that HPA-axis 
activity cascades across, and affects, numerous body systems.
A key message that we want to communicate in this chapter is that 
stress—physical or psychological—contributes to the activation or dys-
regulation of the HPA axis. For most children (including adolescents), 
the effects of HPA-axis activation in the context of stress are immedi-
ate but temporary, with an appropriate short-term increase in availa-
ble energy in the body. But for children with a history of stress that is 
chronic, uncontrollable, unpredictable, cumulative, recurrent, or over-
whelming, the stress may dysregulate the HPA axis, with the conse-
quence that healthy function is lost. For these children, the HPA axis 
may activate too much (pattern of overactivation) or too little (pattern 
of underactivation), or it may reprogram how the brain and other body 
systems (including the HPA axis itself ) respond to stress encountered 
later in life. These various forms of HPA dysfunction contribute more 
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broadly to the dysregulation of the stress system and the dysregulation 
of the body as a whole—conditions that set the stage for the emergence 
of functional somatic symptoms.
Cortisol/Glucocorticoids in Energy Regulation
The end product of activating the HPA axis is cortisol, a  water-insoluble 
hormone that is the most important human glucocorticoid (when dis-
cussing the HPA axis in humans, the terms cortisol and glucocorticoid are 
often used interchangeably). Cortisol produced by the HPA axis—in 
the adrenal cortex (see Fig. 8.1)—is released in pulses, acting as a mes-
senger that communicates through protein receptors (glucocorticoid 
receptors) that are present in every cell of the body, including in DNA 
(deoxyribonucleic acid) and mitochondria. DNA is the cell’s genetic 
material, found in chromosomes within the cell nucleus and in the 
mitochondria. Genes are defined segments of DNA. Inside each cell, 
the mitochondria function as energy-producing machines; they regu-
late and produce energy for the cell and are, as such, a vital part of the 
body’s energy-regulation system.
Patterns of HPA Dysregulation and the Role 
of Attachment Figures as Psychobiological 
Regulators
Dysregulation of the HPA axis can occur on one or more levels of the sys-
tem (see Fig. 8.1). It may include a pattern characterized by hyper-activity 
and hyper-responsiveness (higher cortisol levels; enhanced cortisol awaken-
ing response; increased adrenocorticotropic hormone [ACTH]; insensitive 
negative glucocorticoid feedback of the HPA-axis loop; and increased cor-
tisol responses to psychosocial stress or endocrine challenges). Alternately, it 
may include a pattern characterized by hypo-activity (lower cortisol levels; 
attenuated diurnal variation of cortisol; enhanced negative feedback within 
the HPA-axis loop; changed glucocorticoid-receptor sensitivity to cortisol; 
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and blunted HPA-axis responsiveness). Mounting evidence suggests that the 
age of exposure to stress may determine the pattern of HPA dysregulation 
(Agorastos et al. 2019) (see below). Studies from the maltreatment literature 
also suggest that the pattern of dysregulation can change from hyper-active 
to hypo-active during development (see Online Supplement 8.1).
The HPA axis is very sensitive to stress in early childhood. Children 
who experience significant stress early in development are likely to show 
a pattern of hyper-activation. Subsequently, as the child ages, the HPA 
axis may stay hyper-active or may transition to a hypo-active pattern 
(see Online Supplement 8.1). Importantly, because attachment figures 
function as biopsychosocial regulators, they are able to buffer HPA-axis 
activation through sensitive caregiving behaviours (Hostinar et al. 2014; 
Bernard et al. 2015). In this way, even though stressful events may take 
place in the life of the child and family, attachment figures can help pre-
vent the child’s HPA axis from becoming too activated, thereby buff-
ering the child from the long-term effects of early-life stress. For the 
neurobiology of nurturing caregiver behaviours, see Online Supplement 
8.2, which describes how licking behaviour by mother rats helps buffer 
HPA-axis activation in rat pups (and which also provides, in effect, a 
useful model for what happens in humans).
The HPA axis continues to be very sensitive to stress in adoles-
cence. During adolescence the HPA-axis response to stress is more var-
iable, however, and both hyper- and hypo-active patterns are common. 
Unfortunately, it seems that during adolescence, attachment figures are 
less able to buffer the HPA-axis response than they are in early child-
hood (Hostinar et al. 2015).
Cortisol/Glucocorticoids in Epigenetics  
(Gene Expression) and Plasticity Changes
In addition to mobilizing energy resources throughout the body, corti-
sol coordinates plasticity changes—via changes in gene expression—to 
help the brain and body adapt to stress during the individual’s life-
time and across generations. For a brief summary of Michael Meaney’s 
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groundbreaking research pertaining to glucocorticoids, including changes 
in gene expression for the glucocorticoid receptor gene in baby rat pups, 
see Online Supplement 8.2.
Plasticity changes via cortisol’s genomic mechanism can be adaptive 
or maladaptive. For example, regular exercise—a moderate form of 
pleasurable stress that temporarily increases blood cortisol levels—leads 
neurons in the hippocampus (a brain region involved in memory and 
learning) to grow more dendrites and to create more synapses, thereby 
increasing the size of the hippocampus and improving memory and 
learning (Erickson et al. 2011; Saraulli et al. 2017). In this way the 
inclusion of sport in school curricula is helpful for learning.
Another example is stress in utero or early childhood. In this sce-
nario, changes in gene expression—coordinated by cortisol—func-
tion to reprogram the manner in which the brain and other tissues in 
the body (including the HPA axis itself ) will respond to stress in the 
future. The HPA axis thus plays an important role in somatic memory 
(van der Kolk 1994): significant or cumulative stress in early child-
hood or adolescence can reprogram the way that the child’s brain and 
body respond to future stress across the child’s lifetime (Agorastos et al. 
2019). The implication for children with functional somatic symptoms 
is that HPA-axis activation by past stress may change and intensify the 
way that each child’s stress system responds to current and future stress, 
unrelated to circulating levels of cortisol at the time of that subsequent 
stress. This reprogramming can sometime be adaptive, as in cases where 
the more intensive response helps the child survive in the context of 
ongoing threat and danger. But it can be maladaptive in safe contexts, 
where even minor stress would potentially activate an overly robust, 
inappropriate stress response. In the group vignette below, we see repro-
gramming of the HPA axis in the context of severe trauma.
During the World Trade Center collapse on September 11, some women 
directly exposed to the terrorist attack were pregnant. Some of these 
women went on to develop post-traumatic stress disorder (PTSD), and 
some did not. When the babies reached one year of age, Rachel Yehuda 
and colleagues (2005) collected salivary cortisol samples in the babies and 
the mothers at waking up in the morning and at bedtime. Babies and 
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mothers from the mother-with-PTSD group showed lower cortisol levels 
(a hypo-activity pattern). The lowest cortisol levels were found in babies 
who were in their third trimester at the time of the collapse. Reduced cor-
tisol levels are linked to an increased vulnerability to PTSD in the face 
of future stress, and PTSD is associated with functional somatic symp-
toms. In this way, in the context of future stress, the babies with low cor-
tisol have an increased risk of developing functional somatic symptoms 
(potentially those associated with a hypo-activity pattern [see below]), 
PTSD, or other stress-related disorders. For further reading see Yehuda 
and colleagues (2005) and Gupta (2013).
In the next group vignette, drawn from multiple studies, we see how 
the HPA axis can be reprogrammed to a hyper-activity pattern by stress.
Girls who are sexually abused show a hyper-activity pattern—overacti-
vation of the HPA axis and too much cortisol—in the aftermath of the 
trauma. Across the lifespan, they also have higher rates of functional 
somatic symptoms, including pain, headache, stomachache, nausea, vom-
iting, eye problems, skin problems, dizziness, fatigue, and  non-epileptic 
seizures. At some point in adulthood, the HPA axis normalizes and then 
shifts to a hypo-activity pattern—underactivation of the HPA axis and 
too little cortisol (Trickett et al. 2010). In adulthood the girls have higher 
rates of functional somatic symptoms—nonspecific chronic pain, func-
tional gastrointestinal disorders, and chronic pelvic pain. Alongside 
HPA-axis dysregulation, sexually abused girls also show progressive activa-
tion, through adulthood, of both the autonomic nervous system and the 
immune-inflammatory system (for further discussion and additional refer-
ences concerning this vignette, see Online Supplement 8.1).
In the next group vignette—also from a research study—we describe 
how psychological stress from adverse life events can reprogram the 
HPA axis, with the consequence that the individual is less able to fight 
off infection (in this case the common cold). Most readers will recog-
nize themselves in this vignette because of the common knowledge that 
our susceptibility to viral infections increases in the context of life stress.
Activation of the HPA axis when the body is fighting infection helps to 
contain the immune-inflammatory response and keeps it from becoming 
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too intense or prolonged. A study by Sheldon Cohen and colleagues 
(2012) looked at how healthy adults who had experienced recent major 
life stress (in the last year) responded to inoculation with the common 
cold virus, versus those who had not experienced such stress. The former 
group had a greater immune-inflammatory response—and symptoms and 
signs of illness (of the common cold). The explanation was the HPA axis, 
hypo-active in the wake of the recent stress, had been unable to appropri-
ately dampen the immune-inflammatory response, with the consequence 
that the immune-inflammatory response was excessive: it rose to a level 
needed to combat a much more severe infection. Psychological stress had 
reprogrammed the HPA axis into a pattern of hypo-activity. For further 
reading see Cohen and colleagues (2012).
Farther along the maladaptive continuum, extreme, chronic, uncon-
trollable stress early in life can result in persistently high levels of 
cortisol and continually excessive energy use—called oxidative stress—
causing, for example, dendrites in the vulnerable brain regions to shrink 
and to thereby impair function (McEwen et al. 2015). Stress-related 
decreases in brain volume in the hippocampus and brain regions that 
are part of the brain stress systems have been found in adults with 
PTSD and children with a history of physical or sexual abuse (for refer-
ences see Online Supplement 1.3).
In these ways, even though the HPA axis may look like a simple sys-
tem acting through hormone signals (see Fig. 8.1), it is actually a com-
plicated system that, via glucocorticoid (cortisol) receptors, affects cell 
function and gene expression across the body.
HPA Dysregulation and Studies of Children 
with Functional Somatic Symptoms
Research pertaining to HPA-axis dysregulation in children with func-
tional somatic symptoms is still in the early stages (for references and a 
summary of studies, see Online Supplement 8.1). We know, however, 
that in children, recurrent abdominal pain, non-neurological functional 
somatic symptoms (overtiredness, dizziness, headache, stomach pain, 
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vomiting, nausea, and musculoskeletal pain [in the back, neck, shoulders, 
arms, or legs]), and chronic fatigue syndrome, as well as comorbid condi-
tions such as PTSD and atypical depression, are associated with decreased 
cortisol levels and HPA-axis hypo-activation. From the adult literature 
we also know that non-epileptic seizures—as well as common comorbid 
conditions such as panic disorder and depression—are associated with 
increased cortisol levels and HPA-axis hyper-activation. Both patterns 
of HPA dysregulation are often accompanied by activation or dysregu-
lation in other components of the stress system—in particular, the auto-
nomic nervous system (see Chapter 6) and  immune-inflammatory system 
(Agorastos et al. 2019) (see Chapter 9).
The Take-Home Messages About the HPA Axis 
for the Mental Health Clinician
Three key messages pertaining to the HPA axis are important to remem-
ber from a clinical perspective.
First, the HPA-axis profile, whether it is hyper- or hypo-active, may 
affect the child’s symptom profile at presentation. For example, because 
HPA-axis activation suppresses sleep, a hyper-active HPA axis will con-
tribute to sleep arousals and poor sleep (Chrousos et al. 2016) (see also 
Chapter 5). Alternatively, because cortisol is needed for release of energy 
resources, hypo-activation of the HPA axis may contribute to symptoms 
of tiredness and fatigue (Janssens et al. 2012).
Second, loss of synchrony within the HPA axis, between the HPA 
axis and other components of the stress system, or between the HPA 
axis and the circadian clock will also affect the child’s subjective sense 
of vitality and well-being because body systems have lost the normal 
rhythms associated with wellness and energy regulation during the cir-
cadian cycle (see also Chapters 4 and 5).
Third, stress-related dysregulation of the HPA axis (as may be pres-
ent in a child’s hyper- or, over time, hypo-activation to stress) is likely 
to be associated with non-normative responses to future stress and with 
experience-dependent changes in the brain and body tissues. These 
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 experience-dependent changes may make the child vulnerable to aber-
rant responses that manifest as functional somatic symptoms in the con-
text of future stress. In the following vignette of Bellynda, the reader 
can see how these processes may come into play—in clinical practice—
in the case of an individual child.
Bellynda was an 11-year-old girl who presented with multiple somatic 
symptoms—tinnitus and hearing problems, dizziness, blurred vision, 
nausea, pain in the neck and back, abnormal gait and lack of coordina-
tion in the legs, and tremor and flapping of the hands—following three 
severe episodes of allergic rhinitis (allergic reaction in the nose) and a 
sudden growth spurt. Bellynda lived with her mother and had no con-
tact with her father. From the family assessment interview, it was clear 
that Bellynda’s symptoms had been triggered by activation of the 
 immune-inflammatory system (via the allergic rhinitis) and dysregula-
tion of the autonomic system (the autonomic system sometimes takes 
time to adjust following a growth spurt). Bellynda’s standing test showed 
a stable blood pressure and a heart rate increase of 64 (from 80 to 144) 
beats per minute on standing, confirming the autonomic dysregulation 
(orthostatic intolerance; see Chapter 6). Her hyperventilation challenge 
showed chronic hyperventilation (activation of the respiratory motor sys-
tem alongside the sympathetic system) (see Chapter 7). What was unu-
sual was that apart from this physical stress, Bellynda’s recent history was 
unremarkable: she did not report any other emotional or physical stress. 
She had, however, experienced significant early-life events in the perinatal 
period. First, Bellynda’s mother had suffered from thyroid cancer and had 
been operated on during the third trimester of the pregnancy. After the 
operation Bellynda’s mother had been given high doses of thyroxine hor-
mone. Bellynda’s mother remembered that she had been unable to sleep 
with the hormone and that she had felt baby Bellynda kicking and mov-
ing inside her in an unsettled way. Because thyroxine hormone is known 
to  up-regulate the stress system, the therapist hypothesized that Bellynda’s 
stress system may have been programmed—in utero—to respond to 
future stress in an excessively robust way, putting her at risk of develop-
ing functional somatic symptoms in response to minor stress. In addition 
to the exposure to high-dose thyroxine, Bellynda was separated from her 
mother at four weeks of age, when her mother received radioactive treat-
ment for the thyroid cancer. The protective factor was that Bellynda was 
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looked after by her grandmother, who, as an attachment figure, would 
have buffered the impact of the separation. Finally, the home environ-
ment was characterized by high levels of stress during Bellynda’s first year 
of life; her parents separated when she was 11 months old. It is reasona-
ble to hypothesize that the stress associated with these family events also 
affected the programming, sensitivity, and reactivity of Bellynda’s stress 
system.
* * *
As we have seen in this chapter, stress—physical or psychological—
contributes to activation or dysregulation of the HPA axis. For most 
children the effects of HPA-axis activation in the context of stress are 
immediate, with an appropriate increase in available energy in the body. 
That is exactly what is supposed to happen. But for children with a his-
tory of stress that is severe along any of various continuums, the pat-
tern of activation of the entire stress system can be affected, with earlier 
stress leading to changes in how the body responds to stress encoun-
tered later. The exact pattern of HPA-axis activation or dysregulation 
varies across development and from individual to individual: it depends 
on both the quality of the stress and its timing. The advent of new tech-
nologies—including studies on a group level of analysis—has allowed 
researchers to begin to identify some of the neurobiological processes 
that underpin the contribution of HPA-axis activation and dysregu-
lation to functional somatic symptoms. But much is still to be learnt. 
In Chapter 9, we look at another component of the stress system—the 
immune-inflammatory system—that is closely interconnected with the 
autonomic nervous system and HPA axis, and that is also involved in 
the production of functional somatic symptoms.
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Abstract  In this chapter we continue our exploration of the neuro-
biology of functional somatic symptoms by considering the role of the 
immune-inflammatory system. This system functions like a watchdog 
that is gifted with prescience. It holds memory for past threats to the 
physical or psychological well-being of the child. It activates—into defen-
sive mode—in response to both physical and psychological threats. If the 
child’s life story has been marked by chronic, uncontrollable, unpredicta-
ble, cumulative, recurrent, or overwhelming stress, it maintains a state of 
readiness, a state of ongoing vigilance, alertness, or watchfulness, termed 
low-grade inflammation. Because it communicates with all other compo-
nents of the stress system, the  immune-inflammatory system can raise the 
first alarm to activate other stress-system components or the stress system 
as a whole, setting up the conditions that favour the generation of func-
tional somatic symptoms. In clinical presentations that involve chronic/
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complex pain, the immune-inflammatory system keeps the pain system 
activated and signalling pain. In clinical presentations that involve per-
sisting fatigue, the neurobiology is still in the process of being worked 
out, but clinicians can nevertheless avail themselves of three different 
metaphors or approaches that emerge from contemporary research.
All components of the stress system talk together and work—as an 
ensemble—to regulate body state and to coordinate the body’s response 
to stress and threat. The immune-inflammatory system is part of this cross-
talk. It is made up of cells that are scattered throughout the body or that 
reside in special tissues (e.g., immune cells in lymph glands or glial cells 
in the brain and spinal cord). The immune-inflammatory system uses 
cell-surface signalling molecules (immune signals), including a group of 
small proteins known as cytokines, to communicate cell to cell within the 
system. The evolutionary origins of the  immune-inflammatory system are 
ancient (Flajnik and Kasahara 2010), with primitive systems present even 
in one-cell organisms (Janeway 2001).
The role of the immune-inflammatory system in infection, injury, 
and wound healing is well known. Immune-inflammatory responses 
promote the destruction and clearance of pathogens and enhance 
wound healing. Pro-inflammatory (defensive) cytokines function as 
messenger molecules to attract immune cells to sites of infection or 
injury, activating them to respond to the insult. Immune-inflammatory 
cells throughout the body retain memories of previous pathogens and 
facilitate rapid defensive responses if any particular pathogen is encoun-
tered again. In these ways, local inflammation enables the individual to 
fight infection and facilitates tissue healing.
But immune-inflammatory cells and their signalling messenger mol-
ecules are also involved in body regulation and protection more gener-
ally. They engage in intracellular communication day in and day out as 
the body works to regulate itself and to respond to the stress and chal-
lenges of daily life. Immune-inflammatory cells residing in the brain—
glial cells (Fields 2009)—retain the memory of past stress, both physical 
and psychological (Brenhouse and Schwarz 2016; Frank et al. 2016). 
In this role the immune-inflammatory system is the body’s watchdog: 
always vigilant for threat, and ready to rouse from sleep to attack an 
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intruder in the blink of an eye. In this same role as watchdog, and in 
response to any new threat, the immune-inflammatory system further 
activates and also typically interacts with, activates, and modulates other 
components of the stress system. In most children (including adoles-
cents), the stress system—including the immune-inflammatory system 
itself—will return to baseline once the threat has passed. Importantly 
for us, in some children, one or more components of the stress system 
may remain activated or dysregulated, thereby setting the stage for the 
emergence of functional somatic symptoms.
In this chapter we focus primarily on the way that stress can activate the 
immune-inflammatory system and on how the  immune-inflammatory sys-
tem’s response to stress can, in turn, activate or dysregulate the stress system 
as a whole. Because the immune-inflammatory system is so complicated, 
we can only touch the surface of what is known, and share with the reader 
some of the key points that we raise in our discussions with children. A 
short, simple summary of the immune-inflammatory system is provided 
in a recent article by Heather Brenhouse and colleagues (2019). Further 
details (including reference articles) about the immune-inflammatory sys-
tem—and the methodological difficulties of studying it—are provided in 
Online Supplement 9.1. An account of the discovery that glial cells—cells 
that were previously conceptualized as providing physical support to neu-
rons—are also the brain’s immune-inflammatory cells is provided by the 
neuroscientist Douglas Fields in his book The Other Brain (Fields 2009). 
Later in this book (see Chapter 11), we look at processes on the mind sys-
tem level—for example, catastrophizing (Edwards et al. 2008; Lazaridou 
et al. 2018)—that also maintain the immune-inflammatory system in an 
activated state. Additional references are listed in Online Supplement 1.3.
Shifting Gear to Systems Thinking: A Few Tips 
to the Reader
Like the hypothalamic-pituitary-adrenal (HPA) axis, the 
 immune-inflammatory system is immensely complex, and clinicians 
from non-medical backgrounds may find this chapter challenging. The 
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interconnections between the immune-inflammatory system and the 
HPA axis, autonomic nervous system, and brain stress systems are indi-
rect and non-linear. It may be helpful for the reader to shift gear from 
linear to systems thinking, and to conceptualize these interconnections 
not as involving specific pathways but rather as involving patterns of 
change and shifts in patterns of communication.
An easy way to keep these interactions in mind is to visualize the 
overlap between circles in the stress-system model (see Fig. 4.2) and 
to remember in a general way that, because of the cross-talk between 
the immune-inflammatory system and other components of the stress 
system, activation or dysregulation in one part of the system will have 
flow-on effects in other parts.
Alternatively, the reader can think of the immune-inflammatory sys-
tem as a large fishing net. Just as a fish, caught in one part of a net, 
causes changes in tension in other parts of the net, so do changes in 
immune-inflammatory signalling lead to ripples of change across the 
broader immune-inflammatory system and also across the stress system 
as a whole. Likewise, changes in particular other components of the 
stress system will lead to ripples of changes throughout the rest of the 
stress system.
Attachment Figures and the  Immune-
Inflammatory System
Attachment figures, in their role as biopsychosocial regulators, help to 
regulate the immune-inflammatory system. The mother’s exposure to 
stress in the prenatal period also has consequences for the development 
of the child’s immune-inflammatory system (Brenhouse et al. 2019) (see 
epigenetic mechanisms in Chapter 8 and Online Supplement 8.2).
In animal studies, early separations from the attachment figure result 
in stress, activate and sensitize the immune-inflammatory system, and 
lead to increased vulnerability for maladaptive responses to future stress. 
In humans, warm, sensitive attachment relationships in childhood are 
associated with healthier levels of immune-inflammatory markers later 
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in life, whereas at-risk childhood relationships (maltreatment), child-
hood sexual abuse, and adverse childhood experiences (ACEs) more 
generally are associated with chronic, low-grade inflammation. For ref-
erences see Online Supplement 1.3. For a discussion of findings pertain-
ing to the stress system in sexual abuse, see Online Supplement 8.1. For 
more on low-grade inflammation, see below.
Adolescence also appears to be a period of vulnerability in the devel-
opment of the immune-inflammatory system and in the programming 
of the immune-inflammatory system for future health and well-being or 
ill health and dis-ease (Brenhouse and Schwarz 2016; Brenhouse et al. 
2019). Adverse life events during adolescence appear to modulate per-
sisting immune dysregulation, with far-reaching effects on the stress sys-
tem as a whole—and with a lifelong impact on health and well-being. 
Whether the presence or availability of attachment figures during ado-
lescence can buffer those stress-related effects is not known.
Immune-Inflammatory Cells Hold Immunological 
Memory for Past Stress
An exciting recent discovery is that glial cells—the  immune-inflammatory 
cells of the brain—hold immunological memory for past stress and can 
both activate and proliferate in response to stress (Brenhouse and Schwarz 
2016). In this way, stress that occurs early in development can sensitize the 
immune-inflammatory system, a process called neuroinflammatory prim-
ing (Frank et al. 2016). Each time the child experiences significant stress, 
the immune-inflammatory system is activated transiently—it undergoes 
a short-lived neuroinflammatory response—that functions to sensitize 
how the brain’s immune-inflammatory cells will respond to subsequent 
stress (physical or psychological) in the future. With repeated activation, 
the child’s immune-inflammatory system may be sensitized into a state of 
increased readiness—with increased and ongoing vigilance, alertness, and 
watchfulness. This state, called low-grade inflammation, involves a small but 
continuing degree of excessive activation over long periods of time. Using 
our watchdog metaphor, the immune-inflammatory system has become 
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hyper-vigilant,  hyper-reactive, and ultimately maladaptive. As an ongoing 
physiological burden, this state has long-term, adverse consequences for the 
child’s health and well-being, and it also contributes to the generation and 
maintenance of functional somatic symptoms.
For example, in our studies of children presenting with functional 
neurological disorder (FND), 50 percent of children report a physi-
cal trigger to the illness, and 50 percent report a psychological trigger, 
with the majority also reporting cumulative past adverse life events (see 
Chapter 4). In chronic fatigue syndrome (CFS), a viral infection is the 
most common trigger, but psychological stress and other physical stress 
can also function as triggers; a history of early-childhood stress and past 
adverse life events are important risk factors that contribute to illness 
severity. For references see Online Supplement 1.3.
What is particularly important for us here is that very often, after 
the immune-inflammatory system has returned to baseline—or alterna-
tively, has returned to a baseline state of ongoing readiness (low-grade 
inflammation)—other components of the stress system may remain 
activated in aberrant ways and may continue to maintain symptoms of 
pain, fatigue, autonomic system dysregulation, aberrant motor or sen-
sory function, or difficulties with cognitive function. For example, in 
children who develop persistent fatigue following a viral infection, the 
autonomic nervous system remains in an activated state, and psycholog-
ical factors, such as negative emotions, presence of anxiety, or depres-
sion, appear to contribute to the maintenance of stress-system activation 
(Pedersen et al. 2019; Kristiansen et al. 2019). Theoretically, implicit 
processes—for example, aberrant predictive coding (see Chapter 11)—
could also contribute to stress-system activation. What this means 
is that, while either a physical or psychological stress can trigger the 
illness process via activation of the immune-inflammatory system, 
other factors can subsequently maintain stress-system activation or dys-
regulation, and also contribute to the emergence and maintenance of 
functional somatic symptoms. The implication for clinical practice is 
that treatment may require mind-body interventions that switch off the 
stress system, rather than interventions that target the original trigger 
event—for example, the viral event—which may no longer be relevant.
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Inflammatory Markers Are Elevated in Patients 
with Functional Somatic Symptoms
Since immune-inflammatory cells hold immunological memory for 
past stress, and since all functional symptoms and syndromes show 
an association with ACEs, it is not surprising to find that inflamma-
tory markers are elevated in patients with functional somatic symp-
toms. A mounting body of evidence documents that adult patients with 
chronic pain, fatigue, irritable bowel, musculoskeletal complaints, and 
other somatization syndromes have a sensitized  immune-inflammatory 
system—an immune-inflammatory system in a state of readiness, or 
low-grade inflammation (increased levels of inflammatory markers com-
pared to healthy controls). Studies with children are just beginning to 
emerge (for details see Online Supplement 9.1). For additional refer-
ences see Online Supplement 1.3.
The term low-grade inflammation distinguishes this state of readiness, 
which is a characteristic feature across functional presentations, from 
high-level activation, as seen in response to infections or in rheumatol-
ogy diseases. Low-grade inflammation is also seen when the stress to the 
body results from obesity, a poor diet, or disrupted sleep (see Online 
Supplement 9.1). As noted above, what this means in clinical practice 
is that, while an infection or minor injury may trigger  stress-system 
activation in some patients (via the immune-inflammatory system 
component), this high-level activation of the immune-inflammatory 
system that is a marker of significant infection or rheumatological dis-
eases is not present in patients with functional neurological symptoms. 
Standard laboratory tests, which are designed to detect inflammation 
infections and rheumatological diseases, will be normal. In other words, 
once a good medical assessment has been done—including the blood 
workup—and has shown nothing, the child and family have nothing to 
gain in going from doctor to doctor in search of ‘better’ test results.
Nonetheless, low-grade inflammation marks a shift from restor-
ative mode to defensive mode. It reflects a subtle shift of the 
 immune-inflammatory system: low-grade inflammation signifies that the 
prescient watchdog stands on guard in a state of hyper-vigilant readiness.
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The Immune-Inflammatory System’s 
Involvement in Chronic/Complex Pain
Chronic/complex pain, as we have seen in the vignettes throughout this 
book, is a common comorbid symptom across functional presentations. 
The pain is called chronic or complex because it exists in the absence of 
tissue injury or because, when tissue injury does initially trigger the pain, 
it persists long after the injury has healed or the infection has passed.
Pain has been an intense area of research over the last 60 years. One 
of the most exciting recent discoveries is that the  immune-inflammatory 
system has a central role in maintaining chronic/complex pain: activated 
immune-inflammatory processes appear to potentiate pain in many differ-
ent ways. In particular, chronic/complex pain is generated and maintained 
by immune-inflammatory mechanisms that sensitize neurons involved in 
sensing pain (in the tissues), carrying pain (through the spinal cord), and 
representing pain (in the brain, as pain maps ). This sensitization process 
makes the pain neurons more excitable, with the consequence that they 
signal pain at the least provocation. Other names for this sensitization pro-
cess in chronic pain include the following: in the tissue, neurogenic inflam-
mation, peripheral sensitization, and visceral sensitization, and in the spinal 
cord and brain, central sensitization or neuroinflammation. For clinicians 
who commonly see children with complex/chronic pain, we explain 
these processes in more detail in the paragraphs below (for references on 
chronic/complex pain, see Online Supplement 1.3). For most readers, the 
simple explanation provided above (in this paragraph) may suffice; if so, 
skip right down to the section ‘Activation and Sensitization of the Pain 
System at the Brain System Level’, along with its vignette of Martin.
Activation and Sensitization of the Pain System  
at the Tissue Level
At the tissue level in chronic/complex pain, the endings of affer-
ent nerves, which carry sensory and interoceptive information from 
the body to the spinal cord, secrete pro-inflammatory substances that 
cause a local inflammatory response (neurogenic inflammation ). These 
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pro-inflammatory substances attract other immune-inflammatory 
cells, which also secrete pro-inflammatory substances. Together, these 
 pro-inflammatory substances irritate the pain-sensing receptors on pain 
neurons (peripheral sensitization or visceral sensitization ), thereby activat-
ing the pain system from the periphery. See discussion of macrophages in 
‘How Exercise Works to Decrease Chronic/Complex Pain’, below.
Clinically, this sensitization at the tissue level means that the child will 
experience pain in response to non-noxious stimuli such as a light touch to 
the skin (called allodynia ) or the expansion of the gut lumen during nor-
mal digestion or defecation (visceral sensitivity ). The child may also expe-
rience painful stimuli as more painful than they should be (hyper-algesia ).
Activation and Sensitization of the Pain System at the 
Spinal Cord Level
At the spinal cord level in chronic/complex pain, there is also an 
increase in pain signalling (through a variety of processes). Pain neu-
rons in the spinal cord release pro-inflammatory substances that func-
tion to amplify pain signals. Glial cells—the immune-inflammatory 
cells found throughout the central nervous system—contribute to the 
immune-inflammatory process of amplifying pain by also releasing 
 pro-inflammatory molecules. Glial signalling via signalling molecules 
released into spinal fluid allows pain messages to be carried to distant 
sites, enabling the spread of pain sensitization at the spinal cord level. 
In addition, pain neurons sprout new axons (feet ), a process that ampli-
fies communication about pain between pain neurons (a plasticity phe-
nomenon). It is hypothesized that the combination of these processes 
sensitizes and activates the pain neurons in the spinal cord segment—
and possibly even segments below and above—that receives information 
from the affected tissue. It is also hypothesized that these processes may 
sensitize and activate other neurons lying in the same segment(s) that 
carry information about, or relate to, other parts of the body.
In this way, pain that was triggered by a local inflammatory response 
within some portion of the viscera—for example, the pelvic cavity—
could also be associated with sensitization and activation of spinal 
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segments representing and signalling pain or other sensory informa-
tion from the skin (innervated via the same spinal segment) or with 
increased tone in skeletomotor muscles of the pelvic floor (again, inner-
vated via that same spinal segment).
Activation and Sensitization of the Pain System  
at the Brain System Level
At the brain level in chronic/complex pain, activation of pain maps that 
underpin the subjective experience of pain is maintained and amplified 
by various processes: bottom-up signals from the tissues and spinal cord; 
activation of glial cells (immune-inflammatory cells in the brain); and 
activation of the brain stress systems (of which glial cells are also a part) 
(see also Chapter 11). By activating the brain stress systems—and then, 
in turn, the brain’s pain maps—negative emotions, catastrophizing, 
anticipatory anxiety, and such processes can activate and maintain pain 
maps, resulting in or contributing to chronic/complex pain.
The following vignette of Martin highlights how a viral illness—which 
activates the immune-inflammatory system—can activate/dysregulate other 
components of the stress system. In Martin’s case, the pain system and the 
autonomic nervous system were activated (see Chapter 6 for the role of the 
autonomic system in regulating the gut). It also highlights how the body 
may be unable to switch off the pain system and to re-regulate the auto-
nomic nervous system over time, well after the infection has passed, and 
well after the immune-inflammatory system has settled back to baseline. In 
Martin’s case, stress-system dysregulation was reflected in ongoing abdom-
inal pain (activation of pain system) and recurring constipation (activation 
of autonomic nervous system [sympathetic activation causes constipation]). 
It also highlights how asking about the pain—bringing attention to it—
can activate the pain via  top-down mechanisms. Martin’s presentation was 
complicated by the use of antibiotics that disrupt the microbiota—which 
may have contributed to stress-system dysregulation (see Chapter 10).
Martin, a 10-year-old boy who lived with his parents and younger sister, 
was an all-rounder: he enjoyed school work and sporting activities, and was 
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in line for becoming house captain in his school. Martin’s health had always 
been good, but his bowel had always been sluggish: he emptied his bowels 
three to four times a week. Just after the start of year 6, Martin came down 
with a viral illness characterized by high temperatures, fatigue, lethargy, 
sleepiness, nausea, and pain in his head and abdomen. In the months that 
followed, the abdominal pain came and went. Martin’s family doctor gave 
him antibiotics in case he had parasites. His blood panel screening for ongo-
ing infection or inflammation was normal. The abdominal pain still came 
and went. Martin then became constipated, and the constipation made 
the pain worse. He was admitted to hospital for disimpaction. A diagno-
sis of functional abdominal pain was made. Martin was referred to a ther-
apist, who taught him hypnosis and other strategies to help him manage 
the pain. His capacity to manage the intermittent pain improved. Toward 
the end of year 6, Martin became very constipated, and his pain crescen-
doed. Again, he was admitted to hospital for disimpaction. From this point 
on, at repeated intervals throughout the day, Martin would scream suddenly 
and clutch his abdomen in pain. The pain would pass as suddenly as it had 
come, and Martin would continue on with whatever he was doing. Martin 
now experienced pain every time he passed a bowel motion or passed wind, 
and he would scream so loudly that it sounded as if he was being tortured 
or murdered. Sometimes the pain would wake him up at night—when he 
passed wind. He would scream and then go back to sleep. Martin was now 
worried about going to the toilet and spent a large part of the day antici-
pating his pain and worrying about what would happen if he needed to go 
or when he needed to pass wind. At school, the school counsellor, who was 
trying to be supportive, discovered that when she asked Martin about his 
pain, the question would trigger a pain episode for Martin.
Treatment involved, among other things, careful bowel management 
by Martin’s paediatrician to make sure that Martin did not become consti-
pated—which would further sensitize his existing visceral hypersensitivity. He 
took probiotics and ate yogurt to look after his microbiota. Slow-breathing 
training, which down-regulates autonomic system function, was  timetabled 
into Martin’s day. He also continued to practice the various mind-body 
strategies that he had learnt with his therapist. Martin was treated with an 
anti-anxiety mediation (20 mg fluoxetine in the morning) to help with his 
anxiety (which was activating the brain stress systems top-down). For a few 
months, Martin also used a small dose of quetiapine—a mood stabilizer with 
excellent anti-anxiety properties—to help him switch off the brain stress  
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systems (6.25 mg three times a day, and 25 mg for pain that Martin could not 
manage). The quetiapine was particularly useful at school at those times that 
Martin was unable to regulate himself, had lost the capacity to control his pain 
and anxiety, and had lapsed into a prolonged state of screaming. The que-
tiapine also helped Martin sufficiently so that he could implement his mind-
body strategies, even when the pain was very bad. Because a good explanation 
about the pain had been provided to Martin and his family, they understood 
how each intervention was helping to treat Martin’s abdominal pain.
How Exercise Works to Decrease  
Chronic/Complex Pain
The story about how exercise works to decrease chronic/complex pain 
is a useful piece of research that we often share with children and their 
families (Sluka 2017). It provides a clear rationale (see below) as to why 
exercise is important and how exercise works to help chronic pain.
Macrophages are immune-inflammatory cells that eat up debris and that 
exist in all parts of the body. Exercise helps shift macrophages from defen-
sive to restorative mode. When children exercise regularly, they keep their 
macrophages in restorative mode, in which they secrete anti-inflammatory 
molecules that promote analgesia (see Fig. 9.1). When children do not exer-
cise regularly—for example, because of chronic/complex pain or symptoms 
of persisting fatigue—they keep their macrophages in defensive mode, in 
which they secrete  pro-inflammatory molecules that promote pain and 
fatigue. When children understand how exercise will help them in the 
long run, even though it triggers more pain and fatigue in the short run, it 
helps children to push through the initial discomfort—and exacerbation of 
pain—and to implement exercise as part of their treatment regimes.
How Opioids Contribute to Chronic/Complex 
Pain
Children and their families also find it helpful to understand that 
opiate medications are contraindicated in chronic (vs. acute) pain 
because opiates irritate macrophage cells (and glial cells in the brain), 
9 The Immune-Inflammatory System and Functional Somatic …     187
putting them into defensive mode and thereby causing them to secrete 
 pro-inflammatory molecules and to maintain chronic pain (for ref-
erences see Online Supplement 1.3). For example, Jai—the boy with 
dystonia of the neck—and his family found this piece of information 
helpful during the painful process of trying to wean Jai off opiate medi-
cations (see Chapter 5 or, for a much more detailed account, Khachane 
et al. [2019]).
Sex Hormones and Chronic/Complex Pain
An emerging body of research has found that sex hormones—including 
oestrogen, progesterone, and testosterone—are involved in pain process-
ing. Oestrogen, for example, acts on the oestrogen receptors on the nerve 
and immune-inflammatory cells that are part of body’s pain system. Via 
activation of these receptors, oestrogen appears to play an important role 
in up-regulating and down-regulating pain. Of special importance for us, 
Fig. 9.1 Macrophages in restorative mode and defensive mode. Macrophages 
in restorative mode (blue, on left) promote analgesia by secreting anti-inflam-
matory molecules. Macrophages in defensive mode (red and purple, on right) 
maintain chronic pain by secreting pro-inflammatory molecules that activate 
pain neurons (© Kasia Kozlowska 2017)
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oestrogen can up-regulate the  immune-inflammatory component of the 
pain system (and stress system more generally) to sustain chronic/com-
plex pain (Chrousos 2010), and it generally has a pro-nociceptive role 
in visceral pain, intensifying the subjective experience of pain (Sun et al. 
2019; Traub and Ji 2013). These findings are not surprising, given that 
chronic/complex pain is more common in girls/women than boys/men 
(Traub and Ji 2013), and as many women know from their own personal 
experience, the susceptibility to pain and the subjective experience of pain 
fluctuate with the menstrual cycle. By contrast, progesterone and testos-
terone appear to have anti-nociceptive effects. In this context, the research 
community is actively investigating the potential use of sex hormones or 
sex hormone analogues in treating chronic/complex pain. For additional 
references see Online Supplement 1.3.
The Immune-Inflammatory System and Fatigue
Efforts to understand the connection between activation of the 
immune-inflammatory system and the symptom of fatigue have 
become intertwined with an intriguing bit of recent medical his-
tory. Understanding short-lived fatigue in the context of acute infec-
tion is relatively simple and well established. Every reader can bring 
to mind a normally healthy child who suddenly becomes lethargic 
and sleepy when she comes down with an infection that activates her 
 immune-inflammatory system when fighting off an infection (see also 
vignette of Martin, above). This lethargy and sleepiness are caused by 
high levels of signalling molecules that are produced by immune-in-
flammatory cells. Once the immune-inflammatory system has brought 
the infection under control, the immune-inflammatory system deacti-
vates, and the child bounces back to normal.
But the story is less clear in relation to persisting fatigue, and the rel-
ative lack of clarity reflects two main factors. First, research efforts to 
understand fatigue are still in their early stages—reaching back 30 years 
compared to the 60 years of research on pain. Second, because the 
fundamental processes underlying fatigue are still being worked out, 
and because so many issues therefore have yet to be resolved, there is 
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much more room for divergent interpretations of what is known and 
for divergent arguments concerning the appropriate direction for future 
research. What has happened, in particular, is that research efforts 
involving persisting fatigue have become entangled in what is perhaps 
best understood as an ideological struggle, with some insisting that 
fatigue needs to be understood exclusively in physical terms, and others 
highlighting that fatigue involves a significant psychological component 
(Maxmen 2018; Komaroff 2019). A clear conceptualization with which 
everyone agrees has yet to emerge.
Against this background, what we attempt to do here is to build 
upon what is known about fatigue while sidestepping the continuing 
controversies. In our central case (see below), the primary presenting 
problem is persisting fatigue—which typifies the children we see—and 
we share ideas and emerging findings from the current literature that 
we find useful in our own clinical practice. In line with all the mate-
rial in this book, our perspective is systemic—or biopsychosocial—and 
we presume that to understand fatigue one needs to take into account 
factors across the full range of system levels: from the molecular, to the 
mind, to the level of interpersonal interactions with others.
Rudi was a 15-year-old Norwegian boy with a two-year history of disa-
bling fatigue that had developed in the wake of a long-lasting respiratory 
infection. At the time that he contracted the infection, he was already a 
promising young hurdler who trained four days a week and competed 
almost every weekend. Even after becoming sick, Rudi pushed himself 
and continued training. At the end of one tough race, he collapsed at 
the finish line. In the aftermath, he was completely exhausted and stayed 
home from school for three weeks. In the following months he attended 
school and resumed his training, but felt constantly drained and began 
to experience problems such as headache, dizziness, and problems with 
concentration and memory. Any physical activity left him exhausted and 
needing days to recover. At one point, he could not even move from his 
bed. Fatigue dominated his life. Every effort—physical, cognitive, or 
emotional—made him feel worse. As a consequence, Rudi, with the sup-
port and assistance of his parents, tried to avoid anything that sapped his 
energy. He was caught in a downward spiral.
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Despite seeing what turned out to be many doctors, Rudi and his fam-
ily were always told the same thing: the medical assessments, from various 
specialists, disclosed no medical problem. But his parents were unable to 
accept these assessments; they were convinced that Rudi had some rare 
immune disease.
Eventually, Rudi’s paediatrician referred Rudi and his family to the local 
mental health service, where they were seen by the psychiatrist and team. 
The family assessment interview identified a more complicated story of 
cumulative stress. When Rudi was born his mother had experienced a post-
partum depression of one-year duration, and during that same year Rudi 
developed infection-triggered childhood asthma, with worsening episodes, 
sometimes accompanied by respiratory infections, every winter since. 
When he was 12, his parents underwent a difficult divorce following their 
conflict-filled marriage. During this same period, Rudi’s grandmother, who 
lived next door and to whom he was very close, died unexpectedly. But 
because of the turmoil in the family, Rudi kept his grief to himself. And 
throughout this period, he continued his gruelling schedule for hurdling. 
It was in the aftermath of these events that Rudi developed the respiratory 
infection that triggered his symptoms of persisting fatigue.
Against this background, the psychiatrist and her team, in a joint con-
sultation with Rudi’s paediatrician, offered an alternative explanation 
of Rudi’s fatigue. They suggested that Rudi’s immune system appeared 
to be very sensitive to stress. They said that Rudi’s pattern of presenta-
tion fit with what was known about the interconnections between the 
immune-inflammatory system, the HPA axis, emotional stress, and 
increased susceptibility to infection. Emotional stress and distress could 
temporarily disrupt immune-inflammatory function, making the individ-
ual more vulnerable to inflammatory illnesses such as asthma and respira-
tory infections. This pattern of response was common and has been well 
described in the literature (see Online Supplement 9.1 and the vignette 
pertaining to cold-virus inoculation in Chapter 8). The psychiatrist said 
that from the history given by the family, Rudi had followed this pattern 
across development.
– His initial bout of asthma developed during his mother’s postpartum 
depression.
– His subsequent bouts of asthma and accompanying respiratory infec-
tions regularly emerged during the long Norwegian winter, when the 
family had to spend more time indoors and when Rudi was thus more 
exposed to his parents’ chronic conflict.
9 The Immune-Inflammatory System and Functional Somatic …     191
– Given the above, Rudi’s stress system was chronically activated/dysreg-
ulated by the parental conflict.
– At the age of 13, his infection and then disabling fatigue emerged in 
context of his parents’ divorce and his grandmother’s death, all while 
continuing to train for hurdling.
In the most recent illness, however—at the age of 15—the stress had 
been more pronounced, and other components of the stress system, as 
well as the pain system, had been activated. Autonomic nervous system 
activation was reflected in symptoms of orthostatic intolerance (dizziness 
and abnormal standing test completed by the psychiatrist). Activation 
of the brain stress systems was reflected in problems with memory and 
concentration (see Chapter 11). And activation of the pain system was 
reflected in his chronic headache.
In this context, the treatment offered to Rudi and his family was one 
that focused on rebuilding Rudi’s physical strength, on switching off the 
stress and pain systems, and on improving his capacity to manage emo-
tional stress. The intervention also helped the family address some of the 
family stress that had contributed to Rudi’s illness.
After 14 months of treatment, Rudi had returned almost to ‘normal’. 
The following interventions had been useful. Rudi had engaged in phys-
iotherapy and occupational therapy to help him mobilize gradually and 
participate in activities of daily living. He had learnt breathing exercises 
to reduce and control his arousal (autonomic nervous system activation). 
He had learnt self-hypnosis, and he was able to visualize himself full of 
energy when recovered and to rediscover how an energetic body feels. He 
had been able to articulate, to his parents, his emotional distress in being 
constantly exposed to their fighting. He had been able to work through 
his grief about his grandmother’s death. An individualized academic pro-
gram and return-to-school plan were arranged. Finally, Rudi’s parents had 
decided to join a program for parent counselling as an effort to reduce the 
devastating conflict that continued between them, even after the divorce.
Two years after the illness had started, Rudi felt fully recovered. He 
was back working at his hurdling but had left behind his dream of 
becoming a professional athlete.
Rudi’s case highlights that, though infection may trigger activa-
tion or dysregulation of the immune-inflammatory system and set the 
illness process in motion, and though the immune-inflammatory system 
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generally settles back to baseline (or nearly so, which may involve an 
ongoing state of readiness [low-grade inflammation]), persisting fatigue 
can be maintained by other factors (Russell et al. 2018). These other 
factors may include the following:
• Sensitization of the pain system (increased sensory sensitivity and 
pain severity) (Pedersen et al. 2019).
• Activation or dysregulation of the autonomic nervous system (Wyller 
2019).
• Dysregulation of the HPA axis (hypo-activation) (Rimes et al. 2014) 
and other components of the body’s energy-regulation systems.
• Changes in gene expression in tissues or the brain (e.g., dysregulated 
immune-gene networks [Nguyen et al. 2019]).
• Activation of the brain stress systems (suggested by decreased verbal 
memory) (Pedersen et al. 2019) (see Chapter 11).
• Activation of the brain stress systems (in particular, a shift from 
reflective to reflexive [defensive] modes of behaviour control [Arnsten 
2015]). In defensive mode, implicit computation of salience within 
the brain stress systems—an evaluation of the child’s behavioural rep-
ertoire in terms of costs and benefits—may result in a shutdown of 
behaviour because of the unacceptably high costs to energy resources 
(Boksem and Tops 2008; Kleckner et al. 2017).
• Aberrant predictive representations—namely, that the body needs 
much more energy than is being made available (Pedersen 2019).
• Psychological factors that activate the stress system, that shape expec-
tancies, and that change subjective feelings of fatigue. These factors 
include attention to symptoms, catastrophizing, anxiety, perfection-
ism, depression, negative illness beliefs, maladaptive coping strate-
gies, and negative emotions (Loades et al. 2019; Pedersen et al. 2019; 
Katz and Jason 2013) (see Chapter 12). Lessons learnt from athletics 
are relevant in this context; as a regular part of the training regime, 
athletic coaches encourage the use of mind strategies to help athletes 
overcome feelings of fatigue (Noakes 2012) (see Chapter 15).
The vignettes of Martin and Rudi (in this chapter) and Bellynda (Chapter 
8) have highlighted how activation of the  immune-inflammatory system 
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by infection, allergy, or injury can trigger different patterns of functional 
symptoms: chronic abdominal pain and functional constipation (Martin); 
chronic/complex pain, autonomic dysregulation, and persisting and debili-
tating fatigue (Rudi); chronic/complex pain, autonomic dysregulation, and 
functional neurological symptoms (Bellynda). In this way, as described ear-
lier in this chapter, while activation of the immune-inflammatory system 
may serve as the initial trigger, the persisting symptoms of pain, fatigue, 
autonomic dysregulation, or motor or sensory dysfunction are main-
tained by other processes. Of particular note in this context is the acti-
vation of multiple components of the stress system, coupled with the 
body’s inability to switch off or re-regulate these systems back to physio-
logical coherence.
Against this background, it is worth highlighting that when the func-
tional presentation is triggered via activation of the  immune-inflammatory 
system—whether or not any particular child meets the consensus diagnostic 
criteria for a particular functional disorder—each child and family should 
receive a comprehensive assessment that identifies all the relevant physical 
and psychological contributors to the persisting functional somatic symp-
toms. Regardless of the symptom pattern—which will vary from child to 
child—the treatment intervention needs to include targeted interventions 
that address all relevant areas of dysfunction, and on multiple system levels.
Different Metaphors That Clinicians Can Use 
When Working with Children with Persisting 
Fatigue
In recent years the research literature has produced several clinically use-
ful metaphors for conceptualizing persisting fatigue.
Metaphor 1: Persisting Fatigue as a Biologically Ancient 
Response to Injury or as an Innate Defence Response
A number of clinicians and researchers have suggested that in cases in 
which the persisting fatigue is completely debilitating or nearly so, it is 
possible that the presentations reflect biologically ancient responses to 
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stress or injury. Rudi’s presentation could potentially be viewed in the 
light of this metaphor.
In 2015, the first author (KK) and colleagues suggested that that 
extreme cases of chronic fatigue can be understood in terms of quiescent 
immobility—or rather quiescent immobility in maladaptive form—one 
of the neurophysiological states that are part of the human (and ani-
mal) defence cascade. ‘Quiescent immobility [in animals] is a reaction 
to “deep or inescapable” pain, chronic injury, injury by a predator, or 
defeat by a conspecific, and to states of exhaustion (where recuperation 
is needed) after a period of acute stress, once the animal has returned 
to a safe environment’ (Kozlowska et al. 2015, p. 275). In this way the 
functional symptoms experienced by patients with debilitating chronic 
fatigue would sit on a continuum with other presentations related to 
activation of the defence cascade—freezing, flight or fight, tonic and 
collapsed immobility, and quiescent immobility. Each of these states has 
a signature neural pattern accompanied by a signature state of arousal 
and energy use.
In 2016, Robert Naviaux, Professor of Medicine, Pediatrics, and 
Pathology at the University of California, San Diego, suggested that 
some cases of persisting fatigue may be similar to entering dauer, ‘a 
hypo-metabolic state capable of living efficiently by altering a num-
ber of basic mitochondrial functions, fuel preferences, behaviour, and 
physical features’ in response to adverse environmental conditions 
(Naviaux et al. 2016, p. E5477). In this hypo-metabolic state, cells of 
the body enter a cell danger response, a state in which mitochondria—
the organelles in the cell that regulate and produce energy on a cellular 
level—shift into a defensive mode in which they decrease mitochondrial 
metabolism to enable the organisms to survive a hostile environment. 
The changes described by Naviaux on the cellular level may also be part 
of the quiescent immobility state described above.
In 2019, Anthony Komaroff, Professor of Medicine and Senior 
Physician, Brigham and Women’s Hospital, Harvard Medical School, 
suggested that persisting fatigue may reflect ‘the activation of biologi-
cally ancient, evolutionarily conserved responses to injury or poten-
tial injury, a pathological inability to turn these responses off, or both’ 
(Komaroff 2019, p. 500).
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Referring back to our clinical vignette of Rudi, the reader can see 
that Rudi was exposed to multiple sources of stress that threatened his 
physical and psychological integrity, and that the combination of these 
threats could have activated the body’s innate responses to threat, injury, 
and the sustained overuse of energy resources.
Metaphor 2: Persisting Fatigue as a Vitally Protective 
System Gone Wrong
From this perspective, persisting fatigue, like pain, is conceptualized as 
a subjective feeling with protective value, gone wrong (Pedersen 2019). 
Fatigue—like pain—functions as a homeostatic emotion (Craig 2003) 
or biological alarm system (Brodal 2017) that ‘alert[s] the organism’, 
whether accurately or erroneously, ‘to urgent homeostatic imbalance’ 
(Hilty et al. 2011, p. 2151; St Clair Gibson et al. 2003; Noakes 2012). 
In the case of persisting fatigue, the homeostatic alarm would be errone-
ous. Fatigue, like pain, has protective survival value in acute situations, 
but it becomes maladaptive and debilitating when it becomes chronic. 
Using the watchdog metaphor, when the hyper-vigilant watchdog raises 
the alarm in response to events that have no threat value (or that no 
longer have any threat value), then the watchdog needs to be retired.
Metaphor 3: Persisting Fatigue as a Vitally Protective 
System Signalling Loss of Physiological Coherence
Yet another metaphor emerges from the perspective of this book—and 
the stress-system model—regarding the symptom of fatigue: fatigue as 
a vitally protective system working just right, signalling the loss of phys-
iological coherence. In the stress-system model, we also conceptualize 
fatigue as a homeostatic emotion, a homeostatic alarm signal (see previous 
subsection). But we see the alarm as working just right. The fatigue alarm 
is signalling ongoing activation of the stress system, the body’s shift into 
defensive mode (and failure to return to switch off and return to restora-
tive mode), the concurrent increase in energy use, and the concurrent loss 
of physiological coherence. In the stress-system scenario, the metaphor of 
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the homeostatic alarm is right on target—it is accurate. It signals a dysreg-
ulated stress system: one that has lost harmony and physiological coher-
ence within and between its various components, along with its capacity 
for efficient use of energy. Because the easy flow of life processes that is asso-
ciated with health and well-being is compromised (McCraty and Childre 
2010), it is not surprising that the homeostatic alarms of fatigue and pain 
are activated in such a large number of children with functional somatic 
symptoms. This idea of fatigue as a homeostatic alarm signalling disturbed 
homeostasis has also been put forth by Vegard Wyller (2019, p. 6), a well-
known Norwegian researcher in the field of chronic fatigue syndrome.
The Full Picture Pertaining to Fatigue Is Still 
Emerging
Whatever the final answers, the emerging picture suggests that patients 
with persisting fatigue—whether the illness is triggered by an infection 
or by other physical or psychological stress—show dysregulation in mul-
tiple components of the stress system (autonomic nervous system, HPA 
axis, immune-inflammatory system, brain stress systems) and in the 
energy-regulation system on the cellular level, as well as changes in the 
gene networks (epigenetic changes in gene expression) that regulate these 
systems (see Online Supplements 1.3 and 9.1). The overall result is that 
these patients are characterized by a loss of physiological coherence. The 
easy flow of their life processes, including the efficient use of energy, has 
been disrupted—and their health and well-being, severely compromised.
The Take-Home Messages About the  Immune-
Inflammatory System for the Mental Health 
Clinician
The immune-inflammatory system functions like a watchdog that is 
gifted with prescience. It holds immune-inflammatory memory for 
past stress and activates in response to physical and psychological 
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stress. Of special importance to us, a sensitized or unrestrained 
 immune-inflammatory system—in a state of low-grade inflamma-
tion—can respond to commonplace physical and psychological stress 
in an overly robust way. In so doing, it can activate other stress-system 
components or the stress system as a whole, thereby contributing to the 
generation of functional somatic symptoms, including persisting pain or 
fatigue. In extreme cases, persisting debilitating fatigue may represent an 
innate biologically ancient response to stress or injury.
Because of technological advances and interest in systems biology, we 
can look forward to many new findings about the  immune-inflammatory 
system in the coming years. Some of those findings will help us better 
understand and treat children with functional somatic symptoms.
***
In Chapter 10, we look at the gut system, which is closely connected 
and overlaps with the stress system in many ways.
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Abstract  Functional somatic symptoms involving the gut are common 
in children and adolescents. The human gut has a close symbiotic rela-
tionship with the microorganisms that live inside it. When this relation-
ship is going well, the microbiota—the community of organisms that 
live inside the gut—and the gut work together to break down food to 
provide both the microbiota and the body with energy, and to protect 
the integrity of the gut barrier (intestinal wall). Working together, the 
microbiota and gut also modulate set-points within the stress system 
and contribute to brain function and subjective experience. Because of 
these wide-ranging functions and because the gut talks to the brain and 
the brain talks to the gut, functional gut disorders are conceptualized 
as disorders arising from dysregulation of the microbiota-gut-brain axis. 
This axis overlaps, interconnects, and interacts with multiple compo-
nents of the stress system. Activation or dysregulation of the stress sys-
tem affects gut function and dysregulates the microbiota-gut-brain axis, 
which then affects stress-system function. In this chapter we examine 
the interactions between the stress system and microbiota-gut-brain 
axis. We also discuss the functional somatic symptoms that may arise 
when that axis is dysregulated.
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Functional somatic symptoms involving the gut—abdominal pain, nau-
sea, vomiting, irregular bowel function, and rumination—are common 
in children (including adolescents) and are a leading cause of functional 
impairment and school absenteeism (Varni et al. 2006). Functional gut 
symptoms sit on a continuum with other functional somatic symptoms 
and, like other functional somatic symptoms, show an association with 
adverse childhood experiences (ACEs) and with stress more generally 
(Bradford et al. 2012; Park et al. 2016; Michels et al. 2019) (for more 
references see Online Supplement 1.3). These gut symptoms can present 
as the primary presenting symptom, or they can present alongside other 
functional somatic symptoms (see, e.g., case of Paula in Chapter 2 or 
case of Jai in Chapter 5).
Consensus guidelines (the Rome IV Criteria) used by gastroenter-
ologists cluster functional gut symptoms into 10 diagnostic entities in 
childhood and 33 diagnostic entities in adulthood (Hyams et al. 2016; 
Drossman and Hasler 2016) (see Text Box 10.1).
Text Box 10.1: Functional gut diagnoses
When the child with functional gut symptoms goes to see the paediatri-
cian, she may receive a diagnosis that fits under one of three clusters (see 
Hyams et al. [2016]):
Cluster 1: Functional nausea and vomiting disorders
– Cyclic vomiting syndrome
– Functional nausea and functional vomiting
– Rumination syndrome (belch-like motor pattern)
– Aerophagia
Cluster 2: Functional abdominal pain disorders
– Functional dyspepsia
– Irritable bowel syndrome
– Abdominal migraine
– Functional abdominal pain not otherwise specified
Cluster 3: Functional defecation disorders
– Functional constipation
– Nonretentive faecal incontinence
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Shifting Gear to Systems Thinking:  
A Few Tips to the Reader
As recently as two decades ago, the gut was considered an independ-
ent organ, and functional gut disorders were conceptualized as problems 
that related to the gut. Over the last decade, however, it has become 
clear that the gut is part of a complex system—what is known as the 
microbiota-gut-brain axis. This system includes the microbiota (the 
organisms living in the gut), the gut itself, the communication pathways 
between the gut and the brain, and relevant regions in the brain (includ-
ing the brain stress systems). In turn, functional gut disorders have 
come to be conceptualized as complex disorders arising from dysregula-
tion of the microbiota-gut-brain axis. This conceptualization reflects the 
introduction of systems thinking into gastroenterology. Gut doctors are 
now well aware that the gut does not function as an independent organ 
but that it must be understood as part of a complex system.
The idea of the microbiota-gut-brain axis brings together many pro-
cesses on multiple system levels, from the gut lumen (i.e., the inside of 
the intestine) to the brain (Drossman 2016), including the following:
• The composition and health of the gut microbiota, the colony of 
organisms that live in the gut lumen.
• The health of the gut itself, including the following: the integrity of 
the mucosal barrier and immune function; gut motility; digestive 
processes; and gut signalling.
• The communication from the gut (and the microbiota) to the brain. 
Key communication pathways include the following: the autonomic 
nervous system (the vagal nerve carries information from the gut to 
the brain; see Chapter 6); immune-inflammatory signalling molecules, 
which are part of the immune-inflammatory system (see Chapter 9); 
and metabolites and neurotransmitters that are synthesized and pro-
cessed by the gut (and microbiota). In this way the gut modulates brain 
function—and function of the HPA axis—bottom-up.
• The communication from the brain to the gut and top-down modu-
lation of gut function (the autonomic nervous system modulates gut 
function top-down, see Chapter 6).
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• Activation of the pain system on the gut, spinal cord, and brain sys-
tem levels (see below and Chapter 9).
To add to the complexity, the microbiota-gut-brain axis overlaps, inter-
connects, and interacts with the stress system—the autonomic nervous 
system, HPA axis, immune-inflammatory system, and brain stress sys-
tems—in many ways. Activation of the stress system affects function 
within the microbiota-gut-brain axis, and dysregulation of this axis 
affects function within the stress system. For example, gut microbiota 
play a role in the programming and activity of the HPA axis—including 
gene expression—and influence neuronal activation and the brain stress 
systems (Butler et al. 2019; Bastiaanssen et al. 2020).
As we see from the above, the microbiota-gut-brain axis is immensely 
complex; clinicians from non-medical backgrounds may find this chap-
ter challenging. In order to avoid being overwhelmed by the detail, it 
may be helpful for the reader to shift gear to systems thinking. In this 
way, the reader can hold in mind, in a general way, that dysregulation 
of any one of these processes can compromise both healthy gut func-
tion and healthy brain function, and can contribute to the generation 
of functional somatic symptoms. Or, in a nutshell, the reader can think 
of functional gut disorders as emerging from a ‘combination of irritable 
bowel, [activated communication pathways,] and irritable brain’ (Qin 
et al. 2014, p. 14126; Mayer et al. 2019).
See Online Supplement 1.3 for references to non-technical articles 
about the microbiota-gut-brain axis published either in the health sec-
tions of major newspapers or by other science writers.
What We Know About the Gut: The Gut as a 
Complex System
In the late 1990s, the neuroscientist Michael Gershon nicknamed the 
gut’s nervous system the second brain (Gershon 1998). Gershon, who 
had spent his entire research career studying the gut, worked during 
an era in which the brain was seen as ‘the central organ of stress and 
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adaptation’ (McEwen 2009, p. 911)—a time when research on the gut 
was somewhat disparaged. Through his play on words, Gershon wanted 
to highlight the complexity of the gut system and its important role in 
human health and disease. The intriguing comparison was also a way of 
drawing attention, as well as the interest of young scientists, to his field.
The gut has its own nervous system, the enteric nervous system, which 
includes both sensory and motor components. It is a network of nerve 
fibres that respond to chemical and mechanical stimuli and that activate 
smooth muscle in the gastrointestinal tract, pancreas, gall bladder, and 
blood vessels to coordinate motility, endocrine secretions, and blood 
flow—together, the gut’s digestive and defensive programs. Historically, 
the enteric nervous system was considered part of the autonomic nerv-
ous system, which innervates the viscera: all the organs and tissues 
inside the body (see Online Supplement 1.2). The gut’s motor system 
is part of the visceromotor system, the efferent component of the auto-
nomic nervous system (see Chapter 6). With the exception of the brain, 
the gut contains the largest number of neurons in the body.
The gut also functions, in effect, as a barrier between the body and the 
outside world. In this context, the ‘outside world’ comprises the microbi-
ota, the colony of organisms that live inside the gut. A large proportion 
of the body’s immune-inflammatory cells reside in the gut lumen, where 
they help maintain the integrity of the gut barrier. Any loss of gut-barrier 
integrity can lead to the passage of organisms across the gut wall into the 
inside of the body (organism translocation due to increased gut permea-
bility), which in turn activates the  immune-inflammatory system (result-
ing in increased inflammation) and also disrupts nutrition, digestion, and 
absorption (Osadchiy et al. 2019).
Each person’s gut microbiota is the community of microorganisms—
including bacteria, fungi, and viruses—that live in that individual’s gut 
at any particular time. The genetic material carried by the microbio-
ta—‘the full collection of genes in all the microbes in a microbiota com-
munity’ (Learn.Genetics, Genetic Science Learning Center 2020)—is 
called the microbiome. The health and relative stability of the microbiota 
are important to the health and well-being of the individual because the 
microbiota lives in symbiosis with humans and works together with the 
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human body to maintain life processes. These symbiotic functions are so 
intertwined that some scientists have suggested that humans (and pre-
sumably, therefore, many other animals or at least primates) should be 
viewed as multi-species organisms and that the microbiome should be 
considered a second form of genetic inheritance, one that is acquired via 
the mother’s birth canal, through subsequent close body contact during 
infancy (but also later), from the physical environment in early child-
hood, from the food that we eat, and from the microorganisms that we 
encounter in our daily lives, lifelong (Gilbert et al. 2012).
Among other things, a healthy and diverse microbiota helps in the 
digestion of food, contributes to the gut-barrier integrity by pro-
tecting the individual from pathogenic organisms, modulates the 
 immune-inflammatory system and the HPA axis, and supports normal 
brain development and function (Osadchiy et al. 2019; Dominguez-
Bello et al. 2019; Bastiaanssen et al. 2020). For example, lactobacilli—
the bacteria found in yogurt and fermented milk—help in maintaining 
a healthy microbiota via their antimicrobial functions (production of 
antimicrobial molecules), anti-inflammatory functions, and gut-barrier 
functions (for references see Online Supplement 1.3). Disruption of lac-
tobacillus populations via physical (bad diet or antibiotics) or psycho-
logical stress may, in turn, compromise the health and integrity of the 
gut, and increase its vulnerability to functional somatic symptoms.
Healthy eating contributes to the health and relative stability of the 
microbiota. In this context, the eating patterns in Western-style socie-
ties, with so much processed food and the decreased intake of fruits and 
vegetables, appears to be decreasing the biodiversity of the human gut 
microbiota. Some scientists propose that the dwindling health of the 
microbiota in modern, Western-style societies may, in part, explain their 
soaring rates of anxiety and depression, as well as the apparent increase 
in functional gut disorders, other functional somatic symptoms, and 
other forms of dis-ease (Zinocker and Lindseth 2018). Moderate pleas-
urable exercise also affects the health of the microbiota and is one of the 
mechanisms that increase the child’s stress tolerance (Bastiaanssen et al. 
2020).
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Communication Between the Gut and the Brain
The microbiota-gut-brain axis, discussed at the outset and also known as 
the gut-brain axis or brain-gut axis, comprises the many different mech-
anisms through which the gut and brain communicate with each other. 
Gut-to-brain communication includes the following: the vagal nerve (the 
afferent part of the autonomic system) and other interoceptive afferents; 
messenger molecules secreted by the  immune-inflammatory cells (part of 
the immune-inflammatory system); hormone messengers produced by gut 
endocrine cells (part of the endocrine system); and other messenger mol-
ecules (e.g., neurotransmitters and metabolites) produced by the microbi-
ota or the gut (Foster et al. 2017). Brain-to-gut communication includes 
the following: the autonomic system (sympathetic, restorative parasympa-
thetic, and defensive parasympathetic) and the HPA axis (see Chapter 6). 
Via these connections, disruptions of the axis on the gut level will affect 
brain function, and disruptions of the axis on the brain level will affect gut 
function.
The Gut and Pain
Pain is a common symptom in functional gut disorders. The mechanisms 
that underpin chronic/complex pain in the gut are the same as those that 
underpin chronic/complex pain elsewhere (see Chapter 9). In chronic or 
recurring gut pain, the pain system is activated on many levels.
• At the tissue level, pain-sensing nerve endings are kept in an activated 
state (known as visceral sensitivity, visceral hypersensitivity, or neuro-
genic inflammation ).
• At the spinal cord level, nerve cells that receive and carry infor-
mation about pain are activated (called central sensitization or 
neuroinflammation ).
• At the brain level, pain maps—central representations of pain—are 
activated (also called central sensitization or neuroinflammation ).
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On all these levels, activation of neurons involved in sensing, carry-
ing, or representing pain is maintained by aberrant activation of the 
immune-inflammatory system. Hence the idea that an irritable bowel 
exists alongside an irritable brain (Qin et al. 2014). For further details 
about chronic/complex pain, see Chapter 9.
Stress-System Activation Affects Healthy Gut 
Function
From reading the previous sections, the reader will already have noticed 
that the stress system and the microbiota-gut-brain axis share many 
components; they are overlapping systems.
• The autonomic nervous system—made up of the sympathetic system 
and the restorative parasympathetic and defensive parasympathetic sys-
tems—is part of both the stress system and the  microbiota-gut-brain 
axis. Autonomic nerves provide communication from the gut to the 
brain and from the brain to the gut.
• The immune-inflammatory system is part of both the stress sys-
tem and the microbiota-gut-brain axis, and a large number of 
immune cells reside in the gut and communicate to the brain via 
 immune-inflammatory signalling molecules.
• The HPA axis communicates with the gut via hormone messengers. 
In addition, the gut microbiome affects both the development and 
the regulation of the HPA axis (Sudo 2014; Bastiaanssen et al. 2020).
Because of this close relationship between the stress system and the 
microbiota-gut-brain axis, activation or dysregulation of the former 
will affect the latter—including gut health and function, along with 
the well-being of the gut microbiota—and will potentially trigger, or 
contribute to the emergence of, functional gut symptoms (Foster et al. 
2017; Osadchiy et al. 2019).
Of particular importance, changes in the activation of the autonomic 
system significantly affect gut health and well-being. As we saw in 
Chapter 6, activation of the sympathetic component of the autonomic 
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system switches off normal digestive programs in both the upper and 
lower digestive tract, and activation of the defensive parasympathetic 
component of the autonomic system activates the defensive programs 
of nausea, vomiting, and diarrhoea. In addition, activation of the 
autonomic system during periods of stress may mediate changes that 
decrease gut-barrier integrity and lead to the loss of healthy microbi-
ota species (Michels et al. 2019). Some of the factors that contribute 
to the decrease in gut-barrier integrity include the following: reduced 
secretion of gastric acid, reduced gastric emptying, slower transit in the 
small intestine, and reduced levels of anti-inflammatory antibodies that 
specialize in mucosal protection (Campos-Rodriguez et al. 2013). Taken 
together, the reduction of gut-barrier integrity and its consequences 
for the microbiota will decrease the health and well-being of the gut, 
and potentially lead to the emergence of functional gut symptoms. 
Dysregulation in one component of the microbiota-gut-brain axis can 
thus have potentially major flow-on effects in other components.
The Microbiota, Health, and Well-Being
The connection between the health of the microbiota and 
 stress-induced symptoms was identified more than a century ago (for 
references see Online Supplement 1.3). In 1907, Ilya Metchnikoff, 
a  Ukrainian-Russian biologist and the 1908 Nobel Prize winner in 
Physiology or Medicine, wrote about the health benefits of yogurt eat-
ing—and ingestion of lactobacilli—in rural Bulgaria. And in 1910, 
the physician George Porter Phillips reported that preparations rich 
in live lactic acid bacteria—for example, curdled milk or liquid solu-
tions from malted grains—were helping to improve symptoms in his 
patients with melancholia (severe depression). Lactobacilli, as we saw 
previously, have multiple antimicrobial, anti-inflammatory, and gut-bar-
rier functions that help in maintaining a healthy microbiota-gut-brain 
axis. More recently, a small number of randomized, controlled trials 
suggest that diet—in and of itself—can improve symptoms of depres-
sion (Parletta et al. 2019; Opie et al. 2018; Bastiaanssen et al. 2020). 
Probiotics—made up of live microbes that have a beneficial effect on 
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the individual—also appear to have beneficial effects on mood, as 
reported by Phillips in 1910 (Bastiaanssen et al. 2020). In this context, 
and to help foster  long-term health and well-being, a healthy diet—one 
that includes a regular top-up of lactobacilli—needs to be a key compo-
nent in all clinical interventions for functional somatic symptoms.
The Foundation for the Microbiota Is Established Early 
in Life
Recent studies show that the health of the gut microbiota is established 
during the first days, weeks, and months of life. The baby is colonized 
by the correct type of microbes during the vaginal birth process (includ-
ing from faeces), and also via microbes picked up from the environment 
and via breast feeding. The health of the baby’s microbiota can be dis-
rupted by maternal use of antibiotics, caesarean delivery, and antibiotic 
use during early development. The role of microbiota disruptions for 
subsequent health and disease across the lifespan is a topic of current 
research. For references see Online Supplement 1.3.
The Microbiota Modulates Set-Points Within the Gut 
System
The microbiota plays a centrally important role in the gut by modulat-
ing set-points for gut motility, visceral sensitivity, and thickness of the 
gut’s mucosal barrier (Galley et al. 2014). Some of these functions are 
controlled via serotonin, a neurotransmitter synthesized in the gut and 
also in the microbiota. Too much serotonin in the gut lumen—because 
of too much production or inadequate reuptake—can cause abdominal 
pain and cramping, bloating, and, in some individuals, alternating diar-
rhoea and constipation (key symptoms of irritable bowel syndrome). 
Likewise, disruptions in the health of the microbiota presumably affect 
serotonin production and may contribute to functional presentations. It 
is notable in this context that many, though not all, studies of individ-
uals with irritable bowel syndrome show unhealthy changes in microbi-
ota composition (Osadchiy et al. 2019; Bastiaanssen et al. 2020).
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In parallel, because serotonin is also a key neurotransmitter in the 
brain, changes in serotonin metabolism in the gut may affect anxiety, 
depression, and mood-related behaviours (Faure et al. 2010; O’Mahony 
et al. 2017). Indeed, some studies of probiotics in patients with high 
levels of stress, irritable bowel syndrome, and chronic fatigue syndrome 
have shown, respectively, decreases in stress-related gut symptoms and 
stress/anxiety measures, better mood scores and decreased responses to 
fear stimuli, and decreased anxiety symptoms.
For references see Online Supplement 1.3.
The Microbiota Modulates Set-Points Within the Stress 
System
The microbiota also modulates set-points within the stress system—for 
example, the reactivity of the HPA axis (Sudo 2014; Foster et al. 2017; 
Bastiaanssen et al. 2020). Children with a healthy microbiota may be 
less susceptible to HPA-axis hyper- or hypo-activation in the face of 
adversity (see Chapter 8). By keeping stress-system activation within a 
healthy range, these children may be less susceptive to a broad range 
of stress-related symptoms and disorders, including anxiety, depression, 
and functional somatic symptoms of all kinds. For references see Online 
Supplement 1.3.
Stress and Functional Gut Symptoms
As we have seen in previous sections, the health and well-being of the 
gut system relies on the health and well-being of all components that 
make up the microbiota-gut-brain axis and on communication and syn-
chronization both within and between the microbiota-gut-brain axis 
and the stress system. In the vignettes below we provide some clinical 
examples so that the reader can see how these issues present in clinical 
practice.
In clinical practice, functional gut symptoms—like other functional 
symptoms—are often triggered by psychological stress. The vignette of 
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Tommie illustrates how psychological stress activated Tommie’s stress 
system, which then activated his gut and led to his presentation with 
pain (headache) and gut symptoms.
Tommie was an eight-year-old boy in primary school. He was a good stu-
dent who liked to please his teachers. Tommie told the following story. 
In year 2 of primary school, he had had a ‘nice’ teacher and a good year 
at school (resulting in a stress rating of 1/10 for Tommie). In year 3 his 
teacher changed, and Tommie and the class did not like her (stress rating 
of 9/10 for Tommie). Tommie said that she disapproved of how the class 
dressed, and frequently made the children stay back at lunch. Among the 
many things she disliked were the bags that the children used to carry their 
things, the way that they placed their bags in the classroom, and the types 
of pens that they used. Tommie found himself unable to please his teacher. 
He began to worry about going to school, and he also began to suffer from 
headaches and nausea. He had butterflies and cramps in his stomach every 
day, and sometimes he also vomited. One day, the teacher lost her temper, 
and she expressed her disapproval of Tommie publicly in front of the class. 
That evening Tommie’s mother brought him to the emergency department 
clutching his head in pain. When Tommie told the story, his body mani-
fest its distress. Tommie first showed increases in both respiratory and heart 
rates. Then the headache increased in intensity, and Tommie clutched his 
head in distress. Then Tommie’s abdomen made fluttering motions that 
were visible to the interviewer (presumably reflecting movement of smooth 
muscle that makes up the gut). A little later, Tommy retched into a vomit 
bag. Finally, Tommie’s arms and legs went weak. His mother gathered him 
into her arms, and Tommie sobbed into her body.
In clinical practice, functional gut symptoms and the dysregulation of 
the microbiota-gut-brain axis can also be triggered by physical stress 
such as an illness or infection, as we saw in the vignette of Martin in 
Chapter 9. In this way, even though the infection or illness resolves, 
ongoing symptoms may be maintained by ongoing dysregulation of the 
microbiota-gut-brain axis or ongoing activation or dysregulation of the 
stress system (or components of the stress system). Ongoing dysregula-
tion of the microbiota-gut-brain axis makes the child more susceptive 
to subsequent episodes of infection and to symptoms of anxiety and 
depression.
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As we see in the following vignette of Emma, some patients walk a 
difficult path and demonstrate remarkable tenacity and resilience in the 
face of a series of physical insults involving the gut that have eventually 
triggered functional somatic symptoms. While the medical details of the 
presentation may be challenging to the reader, it is important to include 
them here because Emma’s pattern of presentation is one that gastroen-
terologists encounter on a regular basis.
Emma was an 18-year-old woman with a five-year history of chronic 
abdominal pain and recurring episodes of nausea, bringing up food (some-
times via vomiting and sometimes via rumination [see Chapter 7]), and 
irregular bowel function. Emma’s initial period of illness followed in the 
wake of various medical events: an episode of spontaneous peritonitis 
(inflammation of the inner lining of the bowel) diagnosed via laparoscopy 
(keyhole surgery using a camera), which was followed by multiple treat-
ments with various antibiotics. The symptoms of severe vomiting and 
explosive diarrhoea—and the inability to keep food down—had worsened 
after a gastric-emptying study (study looking at mobility of the stomach) 
that used a radioactive preparation to which Emma had a serious adverse 
response. Investigations suggested that gut dysmotility (loss of normal 
speed and rhythm of bowel movements) and visceral hypersensitivity 
(activation of the pain system on the gut system level) contributed to the 
clinical picture. Emma also suffered from severe postural orthostatic tach-
ycardia syndrome (POTS), a form of autonomic dysregulation that made 
it more difficult for her to mobilize from her bed (see Chapter 6). In the 
early stages of the illness, her respiratory motor system had been chron-
ically activated (chronic hyperventilation with a slightly low pCO2 [see 
Chapter 7]). Comorbid anxiety contributed to her difficulties with both 
falling asleep and remaining asleep at night. New episodes of illness were 
triggered by infections such as colds and bouts of gastritis. But Emma was 
keen to be well, and she had engaged actively in treatment, availing her-
self of all the suggested interventions for treating her symptoms: pharma-
cological (e.g., medications for gut function, POTS, and anxiety), physical 
(e.g., physiotherapy and nasogastric tube to top up her hydration status), 
and psychological (e.g., mind-body  pain-regulation strategies). After each 
new bout of illness, Emma had to work extra hard to regain her previous 
level of function and to maintain periods of well-being. In the future, new 
options, such as faecal transplants and a targeted use of probiotics, may be 
added to treatment plans to help patients like Emma.
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Throughout the book we have emphasized the interrelated nature of 
functional somatic symptoms and how different symptoms can exist 
one alongside the other. An additional feature of functional somatic 
symptoms is their propensity to change over time. In the following 
vignette of Morgan, we see how the somatic symptoms—including 
symptoms involving the microbiota-gut-brain axis—changed over time 
with exposure to new stress. The vignette highlights that failure to treat 
functional somatic symptoms—and to address issues in the child’s fam-
ily and social context—may result in a complex clinical picture in which 
symptoms layer over symptoms, leaving the child progressively more 
disabled. The vignette also highlights in a tangible way the connection 
between ACEs and increased risk for functional somatic symptoms in 
both children and adults (for a discussion of ACEs, see Chapter 4).
Morgan, a 15-year-old girl living with her parents, had an eight-year his-
tory of functional gut symptoms: recurrent abdominal pain, nausea, and 
vomiting; ongoing difficulties with eating; and irregular bowel function. 
During the family assessment, Morgan and her family gave a history of 
chronic stress at home because her parents were always fighting. At the age 
of 12, Morgan experienced a sporting injury—a fall that involved a severe 
knock to the head—and her symptom pattern became more complicated. 
She developed chronic headache and fatigue, and began to suffer from 
intermittent non-epileptic seizures. Since she found the treatment inter-
ventions offered by her local hospital (involving a pain team and mental 
health team) unhelpful, she stopped attending appointments. At the age of 
15, after a period of nasty bullying at school, she presented to hospital with 
functional hemiparesis and sensory loss of the left side of her face and body.
* * *
In this chapter we have seen that the human body is not all our own. 
We share this body with microscopic organisms that live on every crev-
ice and contour of our body: on our skin, on all our mucous mem-
branes, and, most especially, inside our gut. We have seen how gut 
doctors have had to shift their thinking from the gut as a single organ to 
the gut as part of a complex system, the microbiota-gut-brain axis. We 
have also seen that functional gut disorders—expressed in symptoms 
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of nausea, vomiting, abdominal pain, cramping, bloating, irregular 
bowel function, alternating diarrhoea and constipation, and so on—
are now conceptualized as disorders arising from dysregulation of the 
 microbiota-gut-brain axis. Both physical and psychological stress can 
function as triggers that dysregulate the microbiota-gut-brain axis away 
from physiological coherence and health to a state of imbalance and dis-
harmony that may be expressed in functional gut symptoms.
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Abstract  In this chapter we continue our exploration of the 
 neurobiology of functional somatic symptoms by considering the role 
of the brain. The brain plays a key role in regulation, in coordinating 
the stress response, and in helping the child adapt to the circumstances 
of living over time. Every component of the body stress system—the 
HPA axis, autonomic nervous system, and immune-inflammatory 
 system—is regulated by the brain or connected to it, or communicating 
with it, in some way. When a child is exposed to stress that is chronic, 
uncontrollable, unpredictable, cumulative, recurrent, or overwhelming, 
it leads to activation of brain systems that are involved in managing 
stress and in stress-related adaptations. Because these regions inter-
act with and modulate motor-, sensory-, pain-, and fatigue-processing 
regions, the sustained activation of the brain stress systems changes pat-
terns of neural activation and connectivity across and between these 
systems, and sets up the necessary conditions for generating functional 
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somatic symptoms. All the processes discussed in this chapter are 
 non-conscious—the implicit level of brain operations—and involve 
processes that the brain engages in spontaneously, by itself, without 
conscious control or conscious awareness.
The neuroscientist Bruce McEwen has called the human brain ‘the cen-
tral organ of stress and adaptation’ (McEwen 2009, p. 911), and the 
neuroscientist Christof Koch has described the brain as ‘the most com-
plicated object we know of in the universe’ (Koch 1993, p. 13). All func-
tional somatic symptoms depend upon implicit—that is, automatic and 
unconscious—processes that involve the brain and its response to threat 
or perceived threat. But somehow, in talking with children (including 
adolescents) about their functional somatic symptoms, we need to bring 
that complexity down to earth. How is the clinician to do that?
In the stress-system model, we use the metaphor of the stress system 
as depicted by overlapping circles. The brain stress systems—the implicit 
processes that involve and occur in the brain—are represented by the 
top circle (see Fig. 4.2). This circle represents all the brain regions that 
are involved in stress regulation and the stress response, including the 
brain regions that underpin salience detection (stimuli and body sensa-
tions that have particular importance for the individual), arousal, pain, 
and emotional states. The brain stress systems play a key role in initiat-
ing, amplifying, and maintaining functional somatic symptoms.
The top circle and even the term brain stress systems are simple meta-
phors that we can use to communicate with children and their families 
about the brain’s role in functional somatic symptoms. For readers inter-
ested in the details of the neuroscience, including basic science articles 
and the many different expressions used in the neuroscience literature to 
denote the brain stress systems, see Online Supplement 11.1.
The Brain in Maintenance and Restorative Mode
As we have seen throughout this book, body regulation is a 
 never-ending task, much of which is framed within repeating patterns 
across the circadian cycle. In the normal course of events, when things 
11 The Brain Stress Systems I …     223
are safe and going well, the brain stress systems maintain body function 
within normative physiological limits (homeostasis) and ensure that the 
child’s body has access to sufficient energy resources to face the chal-
lenges of daily life (allostasis) (see Online Supplement 1.2). But in the 
face of threat or perceived threat, the brain stress systems can shift from 
maintenance and restorative mode—restorative mode, for short—into 
defensive mode. Rapid mobilization into defensive mode and, in turn, 
timely termination, with a consequent return to restorative mode, are 
adaptive responses to the challenges of daily life, to stressful experiences, 
and to situations that threaten the child’s safety or well-being (see also 
Chapter 4).
The Brain in Defensive Mode
When events pose a threat to the body’s internal environment or to 
the well-being of the child, the brain stress systems activate into defen-
sive mode: this means that the brain shifts gears (organization) into a 
mode that prioritizes automatic (unconscious) responses and switches 
off the capacity for reflective (conscious) processes (Arnsten 2015). 
The activation of the brain stress systems is an implicit process that 
occurs automatically and without any conscious control. Differences 
in the intensity and pattern of activation are thought to reflect individ-
ual genetic and epigenetic variations as well as the degree to which the 
child’s stress system has been primed—activated by stressful events—in 
the child’s own lifetime.
In that initial, threshold step of tagging the event as salient, the brain, 
which is continuously anticipating the body’s energy needs, begins acti-
vating the stress system to meet those needs (Kleckner et al. 2017; Picard 
et al. 2018). All these processes occur without conscious awareness. 
Activation of the brain into defensive mode occurs in tandem with acti-
vation of the stress system as a whole. The brain secretes neurotransmit-
ters (the brain’s messenger molecules), including noradrenalin in the locus 
coeruleus (in the brain stem) and  corticotropin-releasing hormone (CRH) 
in the hypothalamus, to facilitate processing in the brain, to change the 
pattern of neural activation and connectivity, and to activate the broader 
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stress system (Chrousos and Gold 1998; Pervanidou and Chrousos 2018; 
Arnsten 2015). At the same time, the HPA axis is switched on (via the 
hypothalamus) to mobilize energy resources throughout the body (see 
Chapter 8); the sympathetic system is switched on (via the brain’s auto-
nomic centres) to increase arousal in the body (see Chapter 6); and the 
immune-inflammatory system is switched on (via immune-inflammatory 
cells that reside in the brain) to work with neurons to support the brain’s 
response to stress (see Chapter 9).
Along with the change into defensive mode is a change in how infor-
mation is processed and also how risk is assessed (for different termi-
nologies in the neuroscience literature, see Online Supplement 11.1). 
States of calm and safety facilitate certain patterns of processing, and 
states of threat facilitate (and necessitate) others. An example from the 
animal kingdom will illustrate the point here.
In the Canadian Rockies, the second author (SS) was, from a very safe 
distance, observing a grizzly bear eating dandelions (a dietary staple), 
seemingly without a care in the world and without taking much into 
account except the location of the next dandelion. But then, the bear 
stumbled, likely because of some unpredicted unevenness in the ground. 
With a suddenness that was actually frightening, the bear’s body tensed, 
and he seemed to grow in size. He jerked his head around, looked to 
the rear, scanned the environment for potential threats, and gave every 
appearance of being the dangerous, aggressive predator that one hears so 
much about (whether true or not). In that instant, everything about the 
bear’s stress system and how the bear processed information had changed. 
While focused on dandelions, information from the environment—
noises, smells, colours—was presumably scanned only for major or sur-
prising changes. But after the bear stumbled, many of the previously 
disregarded details suddenly became salient. All the bear’s energy was now 
focused on identifying and assessing potential threats.
What we see here is a dramatic (and frightening) change in the bear’s 
brain-body state, moving from restorative mode (while eating dandeli-
ons) to defensive mode (prepared to defend itself from potential dan-
ger). And what we see in the bear is basically what we see when humans 
encounter threats. The relevant systems have a long evolutionary 
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history. From the particular perspective of the stress system, we are no 
more than just another mammalian species.
Innate Defence Responses and Functional  
Somatic Symptoms
One potential manifestation of the brain in defensive mode is activation 
of innate defence responses. Evolution has endowed all humans with 
a continuum of innate, hard-wired, automatically activated defence 
behaviours triggered by extreme danger or threat to self (Kozlowska 
et al. 2015). These very primitive responses involve activation of evolu-
tionarily old regions in the brain: the brain stem and amygdala. Flight 
or fight is an active defence response for dealing with threat; freezing is 
a flight-or-fight response put on hold; tonic immobility and collapsed 
immobility are responses of last resort to inescapable threat, when active 
defence responses have failed; and quiescent immobility is a state of qui-
escence that promotes rest and healing. Arousal is the first step in acti-
vating any of these automatic defence responses. Each response has a 
distinctive neural pattern mediated by a common neural pathway: acti-
vation or inhibition of particular functional components within the 
brain stress systems (the amygdala, hypothalamus, periaqueductal grey, 
and sympathetic and vagal nuclei [the brain component of the auto-
nomic nervous system]).
Innate defence responses are usually time-limited; they are switched 
on in response to extreme threat and then switched off when the threat 
has passed. We mention them briefly here because a small percentage of 
children who present with functional somatic symptoms present with 
innate defence responses that are being activated frequently or that fail 
to resolve in a timely manner.
For example, children who frequently activate the tonic immobility 
defence response (long periods of immobility and non-responsiveness) 
or the collapsed immobility defence response (episodes of collapse or 
fainting) are often referred for neurological assessment. The neurologist 
will typically diagnose non-epileptic seizures (NES), a subtype of func-
tional neurological disorder (FND). In our own clinical practice, most 
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of the children who have presented in this way have a past history of 
maltreatment or brain pathology that compromises their capacity, in 
a neurological sense, to respond to stress. See, for example, the case of 
BJ, a 16-year-old adolescent who manifests a range of innate defence 
responses in the context of a history of childhood maltreatment, as dis-
cussed in Ratnamohan and colleagues (2018), or the vignette of Danae, 
a 14-year-old adolescent with left cerebral atrophy of unknown origin, 
as discussed in Kozlowska and colleagues (2015).
When explaining tonic immobility and collapsed immobility to chil-
dren and their families, we often use videos of animals—for example, 
the American opossum, which uses the collapsed immobility defence 
response to protect itself from predators (Fig. 11.1).
We can see the same sort of collapsed immobility in the following 
vignette of a young boy.
Frank was an 11-year-old boy who lived with his mother. Frank had been 
exposed to significant domestic violence that had occurred between his 
mother and one of her previous partners, Don. Frank described one epi-
sode of domestic violence in the following words:
Fig. 11.1 Opossum in collapsed immobility. The opossum’s trunk and limbs are 
limp and immobile. The animal has the appearance of being dead. The terms 
death feint and playing dead have been used to describe collapsed immobility in 
animals. In actual fact, the animals are not playing at anything. Collapsed immo-
bility in animals and humans is totally automatic (unconscious) (Source This figure 
was first published in Kozlowska and colleagues [2015]. © Kasia Kozlowska 2015)
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Then mum like hit him. Then Don pushed her, then they started hit-
ting each other and slapping each other and hitting. And Don held 
her around here (pointing to neck) and smashed her into a shelf and 
walked off and all my stuff fell down on top of her. So then Don, they 
went to the lounge room and Don, and mum came back in and got 
the coffee table lid like since it opened up had all this stuff in pulled 
it back so it smashed down on top of Don’s laptop. Then I could hear 
lots of smashing and lots of stuff being thrown around. Then my mum 
screamed out ‘let go’ ’cause she was getting literally pushed down like 
up against the couch, pushed down in a lock so she couldn’t get away. 
And then um last when Don was about to leave, he had a bleeding lip 
and mum had bruises all up her arm and stuff. And um we [Frank and 
his siblings] were just standing there crying.
In the years following the domestic violence, when Frank got stressed, he 
experienced intrusive memories of the violence. At those times he suffered 
from disrupted sleep, headaches, vomiting attacks, and bouts of hyper-
ventilation, and sometimes he would collapse to the ground and remain 
inert for a long period of time. His mother would find him lying col-
lapsed in some part of the house or yard, sometimes in a pool of blood, 
from a cut on the head or face.
Finally, as noted in Chapter 9, it is possible that children, or at 
least some children, presenting with fatigue that is unrelenting 
and completely debilitating have activated the quiescent immobil-
ity defence response—a biologically ancient response to stress or 
injury—and have been unable to switch it off (see Chapter 9 for a 
discussion of chronic fatigue as a homeostatic alarm and for a clini-
cal case scenario). In animals, ‘quiescent immobility involves the ces-
sation of all ongoing spontaneous activity, hypo-reactivity (absence 
of orientation, startle response, and vocalization), hypotension, and 
bradycardia’ (Kozlowska et al. 2015, p. 275). Patients who meet cri-
teria for chronic fatigue syndrome may likewise manifest cessation of 
spontaneous activity, enter a hypo-metabolic state (Komaroff 2019; 
Naviaux et al. 2016), and experience autonomic dysregulation that 
manifests as difficulties in appropriately adjusting blood pressure 
and heart rate when standing upright or when exercising (see Online 
Supplement 6.1).
228     K. Kozlowska et al.
For a detailed description of the way that the innate defence 
responses present in clinical practice, see ‘Fear and the Defense Cascade’ 
(Kozlowska et al. 2015).
The Brain Stuck in Defensive Mode and the 
Generation of Functional Somatic Symptoms
More commonly, functional somatic symptoms do not involve activa-
tion of innate defence responses. Instead, they are generated when the 
brain stress systems get stuck in defensive mode, setting in motion a 
range of processes, involving other brain regions, that are maladaptive 
and that enable functional somatic symptoms to occur. These brain 
processes are interrelated, interact in non-linear ways, and contribute 
to changes in brain function and, on a cellular and molecular level, 
also in brain structure. In this section we briefly discuss some of these 
interrelated processes. For additional information and references to 
basic science articles pertaining to each of these subsections, see Online 
Supplement 11.1.
Aberrant Changes in Neural Activation  
and Connectivity
A recurring theme from neuroscience studies of patients with functional 
somatic symptoms is that when the brain stress systems become overactive 
and over-dominant—that is, get stuck in defensive mode—they over-con-
nect with and disrupt brain regions for motor, sensory, pain, and fatigue 
processing (Pick et al. 2019; Blakemore et al. 2016;  Vachon-Presseau et al. 
2016; Sun et al. 2020). Disrupted or aberrant processing within these 
regions is, in turn, expressed in the individual’s body as aberrant motor 
patterns or in her subjective experience as aberrant sensory experiences or as 
feelings of persisting pain or fatigue. Because this aspect of the neurosci-
ence research is easily depicted in visual metaphors, we use it as a founda-
tion for our explanations to children and their families (see later section, 
‘Metaphors for Explaining Changes in Brain Function to Children with 
Functional Somatic Symptoms’).
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Dysregulated Immune-Inflammatory Mechanisms  
That Amplify and Perpetuate Pain
As we have seen in the clinical vignettes peppered throughout this book, 
children can present with pain either as the primary presenting symp-
tom or as one among other functional somatic symptoms. When the 
brain stress systems are stuck in defensive mode, they can maintain acti-
vation of the brain’s pain maps and the subjective experience of pain 
(Vachon-Presseau et al. 2016; Ji et al. 2018; Li et al. 2019). Because the 
brain’s immune-inflammatory cells and immune-inflammatory signal-
ling molecules work in tandem with neurons on all levels of the nervous 
system to activate the pain system, these processes are referred to as cen-
tral sensitization or neuroimmune dysregulation on the brain and spinal 
cord levels, as neurogenic inflammation on the tissue level, or simply as 
neuroinflammation within the pain system as a whole (see Chapter 9). 
Activation of the immune-inflammatory processes at all these levels is 
implicated in the initiation, amplification, and maintenance of muscu-
loskeletal pain and chronic/complex pain felt in the viscera (abdominal 
or pelvic cavity).
Plasticity Changes in the Brain and Epigenetics
In Chapter 8 (about the HPA axis), we discussed how cortisol, the 
end product of the HPA axis, was involved in coordinating plasticity 
changes—via changes in gene expression (epigenetic mechanisms)—to 
help the brain and body adapt to stress during the individual’s lifetime 
and across generations. Here we remind the reader that when a child 
is exposed to stress that is cumulative, recurrent, or overwhelming, 
the brain itself begins to change in order to make sure that it is adapt-
ing to the child’s actual life experience and that it is ready to respond 
to future stress in a robust way. This process, called experience-depend-
ent plasticity, involves functional and structural changes of neurons, 
glial cells, and neuronal circuits that occur in response to experience. It 
is also part of the brain’s adaptive response to chronic stress. Although 
plasticity changes are occurring in the brain all the time in everyone—
which is how cell differentiation, development, and learning take 
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place—plasticity changes acquired in the context of extreme stress can 
become maladaptive by continuing to affect brain function even when 
the level of threat has abated. When that happens, the brain stress sys-
tems are sensitized to stress and remain ready to respond robustly to 
each new threat that arises. Even seemingly minor stress, such as a minor 
injury, an illness, or an event associated with negative emotions, can trig-
ger a stress response far in excess to what is required. In this manner, 
plasticity changes can contribute to and help maintain maladaptive acti-
vation of the brain stress systems, thereby setting the stage for the gener-
ation of functional somatic symptoms (Bègue et al. 2019; Ji et al. 2018).
Inefficient Use of Energy Resources
Energy underpins all life processes. Defensive mode involves increased 
utilization of energy resources and a decreased capacity for energy 
renewal, tissue regeneration, and repair (see also Chapter 4). The use 
of energy is even greater (and under the circumstances, excessive) when 
defensive mode persists beyond the presence of the immediate threat. 
The continuing activation of the brain stress systems requires excess 
energy, and the patterns of information processing characteristic of 
defensive mode (think about the grizzly, above) are also associated with 
increased energy use. Contemporary researchers propose that the brain 
is well equipped to perform non-conscious analyses pertaining to the 
energy-related costs and benefits of behaviour. These researchers suggest 
that the information that an action is not worth performing—that the 
energy costs involved outweigh benefits—is signalled as the feeling of 
fatigue (Boksem and Tops 2008, p. 130). In this context, fatigue func-
tions as an adaptive signal—and as an alarm signal. When the brain is 
stuck in defensive mode, and when functional somatic symptoms are 
being generated, feelings of fatigue may serve as an adaptive signal—an 
alarm signal (Pedersen 2019) or homeostatic alarm (Wyller 2019) (see 
Chapter 9)—that activation of the stress system into defensive mode is 
depleting energy resources and is no longer adaptive.
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Aberrant Predictive Representations
The processes of energy regulation and allostasis—the ongoing changes 
of stress-system activation in response to the challenges of daily living—
require the brain to assess information about the external environment 
and the state of the body, and to predict what is likely to happen next. 
In the science literature, these initial predictions—which the brain 
generates automatically without any conscious awareness—are often 
referred to as predictive representations, and the process of generating 
these representations, as predictive coding (Kleckner et al. 2017). This 
process of predictive coding enables the brain to work efficiently and 
to conserve energy resources, and the predictive representations gener-
ated by this process are continually (and non-consciously) adjusted as 
the brain compares them to real-time sensory and interoceptive inputs 
from the world and the body, respectively. By identifying when some-
thing new or different or unexpected has occurred, these representations 
enable the brain to make appropriate adjustments.
Predictive representations contribute to the regulation of, and ongo-
ing changes in, body state. They also contribute to the child’s subjective 
experience of body state, including the homeostatic emotions of pain 
and fatigue. But like all biological processes, predictive coding can go 
awry. If the predictions of body state been made by the brain are erro-
neous—because, for example, they are tailored for a threat-related con-
text that is no longer present—then these erroneous representations will 
hold priority over afferent inputs, the actual sensory and interoceptive 
information coming from the body. This priority will hold even when 
there is a significant mismatch between the erroneous predictive rep-
resentations and actual body state. Threat-related information is always 
prioritized by the brain because the consequences of failing to respond 
to threat may be irreversible—and include the death of the organism.
Although the predictive-coding framework involves predictions that 
are made by the brain without conscious awareness, the mismatch of 
the brain’s erroneous representations and actual body state sometimes 
comes into conscious awareness, as we see in the following vignette.
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Jai, the 14-year-old boy whom we met in Chapter 5, presented with 
painful fixed dystonia in the neck, motor weakness and lack of coordi-
nation in the legs, and a pain-related curve of the body to the left. He 
consequently both sat and slept in a C-shape. He could not walk, sit up 
straight in the wheelchair, or toilet or shower himself. After the clinical 
team determined that Jai was highly hypnotizable—he could enter the 
trance state easily—hypnosis was integrated into his occupational ther-
apy and physiotherapy sessions. While Jai was in a trance state, his psy-
chotherapist made suggestions to Jai about his body state—that his body 
was deeply relaxed, that he could disconnect from the pain, that he could 
image that his body was bendable like a reed, or that his body could 
sway like a tree. These suggestions enabled the physiotherapist and occu-
pational therapists to straighten and reposition Jai in the wheelchair. At 
the end of each session, when Jai was guided out of the trance state, he 
would suddenly find himself in the non-C-shaped position, and he would 
panic. He reported that he perceived his body—temporarily straight in 
the wheelchair—as being bent and wrong. By contrast, his internal per-
ception of the C-shaped position was that his body was straight. Jai was 
initially unable to utilize any interventions to manage his panic—includ-
ing suggestions during the trance state that he stay calm—but the length 
and intensity of the panic gradually settled as he habituated himself to the 
process of emerging from a trance.
As Jai got better, his subjective experience of his body shape—when 
straight or bent—progressively normalized. For additional reading mate-
rial about predictive coding, see Online Supplements 1.3 and 11.1. For 
a full description of Jai’s treatment, see Khachane and colleagues (2019).
Stress-Related Wear and Tear
Stress-related wear and tear is best documented in stress-related con-
ditions such as post-traumatic stress disorder (PTSD) (Miller et al. 
2018). Because functional somatic symptoms also involve activation of 
the brain stress systems into defensive mode over significant periods of 
time, and because chronic activation of the brain (and body) uses con-
siderably more energy than the brain (and body) in restorative mode, 
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the brain’s opportunities for energy renewal, tissue regeneration, and 
repair are also likely to be restricted. The long-term cost of this activa-
tion is known as wear and tear, and scientifically as allostatic load (see 
Online Supplement 1.2). Major contributors to this wear and tear in 
the brain are the adrenal cortisol secreted by the HPA axis in response 
to prolonged stress (Miller et al. 2018) and the free radicals that are 
the natural byproduct of energy metabolism in the brain (Salim 2017). 
These free radicals are more difficult to neutralize when energy use 
remains high and restorative processes are compromised. Other interre-
lated processes will no doubt be identified. What is already known and 
clear, however, is that in the short term, stress-related plasticity changes 
increase the brain’s implicit (non-conscious and automatic) processing 
capacity, enabling it respond to stress more effectively. If defensive mode 
is maintained over long periods of time, however, wear and tear may 
occur, compromising the brain’s capacity to regulate body state and to 
respond to stress in the future.
Key Lessons from This Body of Work
A fundamental lesson from this body of work is that the brain—both 
brain function and brain structure on the micro level—can change in 
the context of both positive and adverse experiences. Positive experiences 
promote good regulation, health, and learning. Adverse experiences—
excessive physical or psychological stress—activate changes that are adap-
tive in the short term but can become maladaptive in the long term, 
especially if the brain stress systems become stuck in defensive mode. 
What this means from a practical point of view is that clinicians need to 
support interventions that will help the child’s stress system, including 
the brain stress systems, shift from defensive mode back to restorative 
mode. Such interventions may involve the body system level (promoting 
body states that mobilize restorative and repair processes; see Chapter 
14), the mind system level (interventions that use the mind to mobilize 
restorative and repair processes; see Chapter 15), or the relational sys-
tem level (interventions that use co-regulation between the child and her 
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caregivers and siblings to mobilize restorative and repair processes; see 
Chapter 16).
Metaphors for Explaining Changes in Brain 
Function to Children with Functional  
Somatic Symptoms
In this section we present some of the visual metaphors that we use with 
children and their families to communicate key themes from the neuro-
science literature concerning the changes in brain function that are asso-
ciated with functional somatic symptoms. In this context, we discuss 
three types of functional neurological symptoms (motor symptoms, sen-
sory symptoms, and NES), chronic/complex pain (including syndromes 
such as fibromyalgia and chronic tension headache), and symptoms of 
persisting fatigue that accompany other functional somatic symptoms. 
Our visual metaphors are simple: they try to capture key themes in a 
way that is, at least in general terms, clinically and scientifically accu-
rate, that is useful for clinicians in their discussions with patients and 
families, but that avoids details that would likely muddy that commu-
nication with unneeded complexities. The goal is to keep one’s eye on 
the ball, and in this context the challenge is to promote shared under-
standings that enable clinicians, patients, and families to work together 
and to promote healing. For further reading and basic science articles 
pertaining to each subsection, see Online Supplement 11.1.
Activation of Brain Stress Systems  
and Functional Motor Symptoms
Functional motor symptoms include limb paralysis, limb weakness, 
tremor, tic-like movements, functional cough, and dystonia. They fall 
under the umbrella of FND. When talking to children who have pre-
sented with functional motor symptoms, we use the visual metaphor in 
Fig. 11.2 to discuss research findings from neuroscience and to provide 
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an explanation of what is happening in the brain. The key message for 
children and families is that functional motor symptoms emerge when 
the brain stress systems are overactive and over-dominant, and when 
they over-connect with and disrupt—hijack—motor-processing regions 
and motor function. Neuroscientist Valerie Voon and colleagues first 
used the term hijack in her wonderful study of motor preparation in 
patients with functional motor symptoms (Voon et al. 2011). Other 
references that underpin this visual metaphor are available in Online 
Supplement 11.1.
Our conversation—in effect, a step-by-step commentary on Fig. 11.2, 
with the details filled in as we draw—proceeds along the following lines:
Fig. 11.2 Overactive brain stress systems and motor function. Frame A. The red 
ball represents the brain regions that underpin salience detection, arousal, pain, 
and emotional states—the brain stress systems, for short. The pink ball repre-
sents brain areas involved in motor processing—motor-processing regions, for 
short. When all is well, the brain stress systems get on with their job, as do the 
motor-processing regions, and they interact together in a balanced way (see 
Online Supplement 11.1 for the brain regions that lie at the intersection of the 
brain stress systems and motor processing). Frame B. In functional motor symp-
toms, the relationship between the brain stress systems and motor-processing 
regions changes and becomes unbalanced, disrupting or hijacking motor func-
tion and activating aberrant motor patterns (functional motor symptoms) (© 
Kasia Kozlowska 2017)
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When everything is going well, the brain stress systems and 
 motor-processing regions in the brain work together in a balanced equal 
way [draw Frame A]. Sometimes, however, illness, injury, emotional 
stress, or trauma can switch on the brain stress systems and make them 
bigger and stronger. When this happens, they take over and disrupt the 
motor-processing regions, and they disrupt motor function and cause all 
sorts of motor symptoms [draw Frame B]. In your case, the brain stress 
systems were switched on by [event or series of events from child’s his-
tory]. They are still switched on now, and they are disrupting your 
[describe the motor function]. They should have switched off when the 
[trigger or other recent stress] had passed, but they didn’t. They have 
stayed switched on. So, we need to do that ourselves, using different types 
of interventions: mind-body interventions help to switch off the brain 
stress systems; physiotherapy interventions help your [arms or legs] start 
working normally again; and psychological, family, and school interventions 
help to address the stress in your life.
Activation of Brain Stress Systems and Functional 
Sensory Symptoms
Functional sensory symptoms include functional blindness (or changes 
in vision), functional deafness (or tinnitus or changes in hearing), and 
loss of touch sensation in the limbs. Like functional motor symptoms, 
they fall under the umbrella of FND. The key message for children 
and families is that functional sensory symptoms emerge when the 
brain stress systems are overactive and over-dominant, and when they 
over-connect with and disrupt sensory-processing regions and sensory 
function (see Fig. 11.3). When using this metaphor, the reader can 
adapt the language that we set forth above in our example for functional 
motor symptoms.
Loss of Top-Down Executive Control  
in Non-epileptic Seizures
NES also fall under the umbrella of FND. Other names for NES are 
psychogenic non-epileptic seizures, functional seizures, and dissociative 
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seizures (Asadi-Pooya et al. 2020). NES can occur alongside motor and 
sensory neurological symptoms, or they may be the sole presenting 
symptom. NES are paroxysmal: they occur suddenly, in  time-limited 
episodes. Many children are able to identify the approaching onset 
of NES because they can feel somatic sensations that reflect sudden 
increases in arousal, what we call their warning signs. Common warning 
signs include increased heat in the chest, sweatiness, nausea, butterflies 
in the abdomen, feelings of tension or sudden pain in the muscles of 
the head (or elsewhere), buzzing in the head, muscle twitching or motor 
agitation (jiggling legs), breathing too fast, dizziness, blurry vision, 
visual blackout, wobbly legs, being unable to think clearly, an altered 
state of consciousness (e.g., feeling fuzzy, foggy, disconnected, or floaty, 
or ‘spacing’ or ‘vagueing out’). Because children can learn to identify 
interoceptive sensations associated with mounting arousal/motor activa-
tion and can then implement arousal-decreasing interventions—before 
the specific mechanisms that generate their NES are activated—they are 
able to avert most potential episodes of NES.
Fig. 11.3 Overactive brain stress systems and sensory function. Frame A. The red 
ball represents the brain stress systems. The yellow ball represents brain areas 
involved in sensory processing—sensory-processing regions, for short. When all is 
well, the brain stress systems get on with their job, as do the sensory-processing 
regions, and they interact together in a balanced way. Frame B. In functional 
sensory symptoms, the relationship between the brain stress systems and senso-
ry-processing regions changes and becomes unbalanced, disrupting or hijacking 
sensory function and activating aberrant sensory patterns (functional sensory 
symptoms) (© Kasia Kozlowska 2019)
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In this context, the working hypothesis of the first author (KK) is 
that sudden increases in arousal disrupt normal brain processes in the 
prefrontal cortex and also the connectivity between the prefrontal cor-
tex and subcortical regions, and that these disruptions result in the 
release of motor programs in the basal ganglia, midbrain, and brain 
stem, resulting in the body movements, changes in tone, and time-lim-
ited alterations in consciousness that present as NES (Kozlowska et al. 
2018a). For details about the various mechanisms that are thought to 
contribute to disruption of brain function in NES, see Kozlowska and 
colleagues (2018a, b) and Szaflarski and LaFrance (2018).
When talking to children who have presented with NES, we use the 
visual metaphor in Fig. 11.4 to discuss the above-described, hypothetical 
explanation of what is happening in the brain. For a summary of different 
types of NES presentations, see Kozlowska and colleagues (2018a).
Fig. 11.4 Visual representation of the hypothesized mechanism underpinning 
non-epileptic seizures. Frame A. The mother figure represents the prefrontal 
cortex, the control area of the brain. The child figures represent motor programs 
in the basal ganglia, midbrain, and brain stem. When all is well, the mother 
(prefrontal cortex) maintains control over the children (the motor programs). 
Frame B. In NES, the mother (prefrontal cortex) goes offline in the context of 
stress-related changes, and the children (motor programs) activate and present 
as NES (© Kasia Kozlowska 2017)
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Our conversation proceeds along the following lines:
In this cartoon the mother figure represents the prefrontal cortex—the 
control centre of the brain—and the child figures represent motor pro-
grams in the lower regions of the brain: the basal ganglia, midbrain, and 
brain stem. When things are going well, the mother keeps control of the 
children; that is, the prefrontal cortex maintains control over the motor 
programs in the basal ganglia, midbrain, and brain stem. But in NES, 
the mother figure—the prefrontal cortex—gets really stressed, gets over-
whelmed, cannot function, and goes offline. When this happens, the 
mother loses control of the children; the motor programs in the basal 
ganglia, midbrain, and brain stem are out of control. They activate and 
produce NES. There are lots of things that stress out the prefrontal cor-
tex. In your case, [Here insert the presentation that is relevant for the 
child. Possibilities include the following: breathing too fast in response 
to stress (hyperventilating); worrying or recalling bad memories or feel-
ings; sudden pain; or closing vocal cords and shutting off the air passage 
in response to stress (causing hypoxia).] The team will help you work on 
catching the warning signs that an NES is coming and on making your 
brain and body calm, so that you can prevent the NES from happening.
Activation of Brain Stress Systems and  
Chronic/Complex Pain
The neurobiology of chronic/complex pain that occurs in the absence 
of tissue injury is complex. Pain is a homeostatic emotion (Craig 2003), 
an alarm (Wyller 2019) that signals, whether accurately or erroneously, 
that the body or the self needs protection from threats to its physical or 
psychological integrity (Moseley and Butler 2015; Brodal 2017). Pain 
signals are carried by afferent nerves from the body to the spinal cord 
and by special pain pathways within the spinal cord to the brain. In the 
brain, pain processing involves a widely distributed network of regions 
that, in our work with children, we refer to as pain maps (for other 
terminology see Online Supplement 11.1). Pain maps function as an 
alarm signal. They can be activated by pain signals from the body and 
by signals from the brain itself—from the brain stress systems. Because 
of their role as an alarm signal, they are often activated alongside other 
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components of the stress system to signal that the body or the self needs 
protection from threat. For basic science references about pain-related 
processes on the brain system level, see Online Supplement 1.3.
Complex/chronic pain is maintained by a number of different inter-
acting processes. As we saw, for example, in Chapter 9, chronic/complex 
pain is maintained when the immune-inflammatory system keeps the pain 
system activated, across multiple levels of the body system. This process is 
also known as neuroimmune dysregulation because the nervous system and 
the immune-inflammatory system activate together to maintain a vicious 
cycle of changes that maintain chronic/complex pain.
Chronic/complex pain is also maintained by (non-conscious) activa-
tion of the brain stress systems: when these systems become  overactive 
and over-dominant—that is, get stuck in defensive mode—they 
over-connect with and activate brain regions involved in pain process-
ing. In this way, the subjective experience of pain is both maintained 
and amplified.
Finally, chronic/complex pain can also be maintained by factors on 
the mind level of operations—attention to pain, catastrophizing, and 
negative emotions—because these processes operate in a top-down 
manner to activate the brain stress systems, which, in turn, maintain 
activation of pain maps (see Chapter 12).
When talking to children who present with chronic/complex pain, 
we use the visual metaphor depicted in Fig. 11.5.
Our conversation proceeds along the following lines:
When everything is going well, the pain maps in the brain, the parts of 
the brain that allow us to feel pain, are switched off. When everything 
is going well, the brain stress systems, the parts of the brain that switch 
on with stress, are also switched off. When I say stress, I mean anything 
that is stressful for the body, including illness, injury, emotional stress, or 
trauma. But when we experience stress, we switch on the brain stress sys-
tems. They become active, big and strong. And then after the stress has 
gone, the brain stress systems should switch off. But sometimes they fail 
to switch off, and because they have a close relationship with the pain 
maps, they can switch them on, too (or keep them switched on)—even 
when your body has healed or is not injured at all. And the pain maps 
make you feel pain. From the story you told me, it seems that in your 
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case the brain stress systems were switched on by [event or series of events 
from child’s history]. They are still switched on now, and they are keep-
ing your pain maps activated and signalling pain: like a pain-alarm system 
that cannot be switched off. So, treatment involves mind-body interven-
tions that help to switch off the brain stress systems, because they are 
keeping the pain maps switched on; physiotherapy interventions that help 
you to keep up your level of fitness and to assist your body in fighting—
switching off—the pain maps [see discussion of macrophages in Chapter 
9]; psychological interventions that help switch off the pain maps and help 
to address the stress in your life; and family and school interventions that 
help support you in the best way possible.
Activation of Brain Stress Systems and Fatigue
Fatigue is a common comorbid symptom in children presenting with 
functional somatic symptoms. For example, in the clinical practice of the 
first author, fatigue is also reported by a quarter to half of the children 
Fig. 11.5 Overactive brain stress systems and the subjective experience of 
pain. The red ball represents the brain stress systems. The spiky ball represents 
pain-processing regions—pain maps, for short. The overlap between the balls 
represents what the pain literature sometimes refers to as the emotional, affec-
tive, or aversive dimension of pain (see Online Supplement 11.1). In chronic/com-
plex pain the brain stress systems become overactive and over-dominant, and 
they drive and amplify the pain experience (© Kasia Kozlowska 2019)
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presenting with FND and two-thirds of children presenting with 
chronic/complex pain. The term chronic fatigue syndrome is used when 
fatigue is the primary presenting symptom, and when the child meets 
the available symptom-based criteria (of which there are several versions) 
(Gluckman 2018; Knight et al. 2019). In this section we discuss fatigue 
in a general way and not chronic fatigue syndrome per se (see Chapter 9 
for a discussion of persisting fatigue and chronic fatigue syndrome).
In the brain, fatigue processing involves a widely distributed net-
work of regions (Boksem and Tops 2008; Noakes 2012), which, in our 
work with children, we refer to as the fatigue alarm system or the fatigue 
alarm. Fatigue, like pain, is a homeostatic alarm (Wyller 2019) that sig-
nals, whether accurately or erroneously, either an urgent homeostatic 
imbalance (Hilty et al. 2011, p. 2151) or an urgent need to protect 
the body’s energy resources (Boksem and Tops 2008). In the context 
of stress, whether physical or psychological, and when the brain stress 
systems shift into and get stuck in defensive mode, the fatigue alarm is 
frequently activated. The fatigue alarm signals the loss of physiologi-
cal coherence: the easy flow of life processes, harmony between body 
systems, and efficient utilization of energy are all lost when the stress 
system shifts from restorative mode and gets stuck in defensive mode. 
In this way, the fatigue alarm signals that the brain stress systems have 
been activated too much, for too long, or too frequently and that they 
need assistance to help them shift back into restorative mode and regain 
physiological coherence (as described above). For other metaphors for 
discussing persisting fatigue, see Chapter 9.
When talking to children who present with comorbid fatigue, we use 
the visual metaphor depicted in Fig. 11.6.
Our conversation proceeds along the following lines:
The biology of fatigue is very complicated, and scientists are still trying 
to work it out. The current thinking is that fatigue—like pain—is one of 
the body’s alarm systems. The fatigue alarm allows us to feel fatigue. And 
the feeling of fatigue tells us many things. Sometimes the fatigue alarm 
tells us when the body has used up too much energy and it is time to 
stop. Sometimes the fatigue alarm tells us that it is time to go to sleep—
to rest and to make energy for the next day. Sometimes the fatigue alarm 
tells us that our brain stress systems and our body stress systems have been 
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activated too much and too long. As you already know, the brain stress 
systems and body stress systems include all the parts of the brain and body 
that activate with physical or emotional stress—illness, injury, emotional 
stress, or trauma. The stress system uses a lot of energy. That’s why, when 
the stress system is switched on, the fatigue alarm is often switched on, 
too. The fatigue alarm signals that the stress system is hard at work (and 
maybe even a bit too hard at work) and that we need to take care of the 
stress and also to help the stress system switch off. This is why fatigue is so 
common in children who have [put in child’s presentation, such as FND, 
chronic/complex pain, autonomic activation/dysregulation]. The treat-
ment for your fatigue involves mind-body interventions that help to switch 
off the brain-body stress systems; physiotherapy interventions that help you 
keep up your level of fitness, that switch off pain, and that promote health 
and well-being; psychological interventions that help address the stress in 
your life; and family and school interventions that help support you in the 
best way possible. Once the brain-body stress systems have switched off, 
Fig. 11.6 Overactive brain stress systems and the fatigue alarm. The red ball 
represents the brain stress systems. The green ball represents the fatigue alarm. 
When the brain stress systems (and other components of the stress system) are 
activated by infection, illness, injury, or emotional stress, and when they get 
stuck in defensive mode, the fatigue alarm activates to signal the loss of phys-
iological coherence—the loss of easy flow of life processes, harmony between 
body systems, and efficient utilization of energy—that occurs when the stress 
system shifts from restorative mode and gets stuck in defensive mode (© Kasia 
Kozlowska 2019)
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and your body has returned to a healthy way of being, your fatigue alarm 
will also switch off, and your feelings of fatigue will go away, too.
Combining Metaphors
In the previous subsections we have provided metaphors for different 
types of functional somatic symptoms. In real life, however, children 
present with multiple somatic symptoms. It may therefore be neces-
sary to combine metaphors or even to use two different types of met-
aphor together—for example, the circles metaphor of the stress system, 
together with one of the metaphors specific to FND, pain, or fatigue. 
Figure 11.7 shows the combination of metaphors for a child presenting 
Fig. 11.7 Overactive brain stress systems, disrupted motor and sensory func-
tion, and the subjective experience of pain. The red ball represents the brain 
stress systems. The pink ball represents motor-processing regions; the yellow 
ball represents sensory-processing regions; and the spiky ball represents pain 
maps. When the brain stress systems are activated by infection, illness, injury, or 
emotional stress, they become overactive and over-dominant, disrupt motor and 
sensory processing, and amplify pain processing, causing functional motor and 
sensory symptoms and amplifying feelings of pain (© Kasia Kozlowska 2019)
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with functional motor symptoms, functional sensory symptoms, and 
chronic/complex pain.
Problems with Memory and Concentration
Many patients with functional somatic symptoms report problems with 
memory and concentration, and families frequently ask about these 
symptoms. For example, in our study cohorts of children with FND, 
approximately one-fifth of children present with some sort of memory 
loss—failing to recognize their parents, siblings, or friends—or showing 
a sudden loss in some aspect of their academic function, as in speaking, 
reading, or writing. Likewise, memory and concentration difficulties are 
a key element in children whose main presenting symptom is persistent 
fatigue.
When talking to children whose presentations include difficulties 
with memory and concentration, we discuss the many different ways in 
which an activated stress system can interfere with cognitive function. 
We also tell families that this is an area of current research. Factors that 
are known to contribute to cognitive difficulties include the following:
• disturbed sleep (see Chapter 5)
• increased cortisol levels secondary to HPA-axis activation (high cor-
tisol levels disturb functioning in the executive regions of the brain) 
(see Chapter 8)
• increased levels of stress hormones (noradrenalin, endogenous opi-
oids, endogenous cannabinoids, and other anaesthetic neurochem-
icals) that are secreted as part of the brain’s stress response during 
states of high arousal (these stress hormones likewise disturb func-
tioning in the executive regions of the brain) (Lanius et al. 2014)
• chronic or episodic hyperventilation (see Chapter 7).
For additional reading materials pertaining to the impact of stress on 
cognitive function, see Online Supplement 11.1.
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* * *
In this chapter we have highlighted that all functional somatic symp-
toms involve activation or dysregulation of the brain stress systems. The 
brain stress systems play a key role in initiating, amplifying, and main-
taining functional somatic symptoms. We have also provided clinicians 
working with children and families with simple metaphors to discuss 
research findings from neuroscience and to provide an explanation of 
what is happening in the brain. All the processes discussed in this chap-
ter have been non-conscious—the implicit level of brain operations—
and have involved processes that the brain engages in spontaneously, by 
itself. Humans also have the capacity, however, to generate conscious 
representations that affect body state and that contribute to the genera-
tion of functional somatic symptoms. We look at this mind level of brain 
operations—psychological factors—in the next chapter.
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Abstract  In this chapter we continue our exploration of the neuro-
biology of functional somatic symptoms by considering the mind level 
of brain operations. Consciousness—the state of being aware, especially 
(for our purposes) of something within oneself—adds another dimen-
sion to the neurobiological systems that regulate body state. Among 
the objects of consciousness are feelings such as those pertaining to 
 well-being and to dis-ease: pain, nausea, malaise, and fatigue. These 
feelings are mental representations of body state, a gestalt-like summary 
that integrates information from all levels of body regulation and that 
reflects the sum and substance of the individual as a whole. Feelings are 
consequently the end result of myriad interrelated processes: homeo-
static information from the body itself (Chapters 6–10); spinal cord and 
implicit brain processes involved in both representing and regulating 
body state (Chapter 11); and—the subject of the present chapter—the 
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mind level of brain operations, including cognitive and attentional pro-
cesses. These mind-level operations affect all of those other processes 
in a top-down manner and can alter feelings of body state in power-
ful ways that incline the child either toward health and well-being or 
toward ill health and dis-ease.
Perceiving the Body: The Role of Feelings
Consciousness refers to our state of being aware—especially (for our pur-
poses) of something within oneself; it adds another dimension to the 
neurobiological systems that regulate body state. Among the objects 
of consciousness are feelings. Following Antonio Damasio’s terminol-
ogy, we conceptualize feelings as mental representations of body states: 
the idea, thought, or perception of the body being in a certain way 
(Damasio 2003). Homeostatic feelings are the particular focus of our 
attention here. They are mental representations regarding the safety and 
stability of the body’s internal state, such as temperature, pain, nau-
sea, fatigue, itch, visceral distension, muscle ache, hunger, thirst, and 
‘air hunger’ (Craig 2002; Pace-Schott et al. 2019). ‘They translate the 
ongoing life state in the language of the mind’ (Damasio 2003, p. 85). 
These feelings, together with thoughts, mental and sensory images, and 
other conscious mental phenomena, make up what we recognize as the 
‘stream of mind’ (Damasio 2003, p. 197). Throughout this chapter we 
use the terms mental representations of body state, perceptions of body state, 
and feelings interchangeably. For reading materials about consciousness, 
see Online Supplement 12.1.
In the normal course of events, the neurophysiological processes 
that support feelings are ones that function in the background, with no 
conscious awareness. These processes involve the following structures: 
nociceptors, thermoreceptors, osmoreceptors, and metaboreceptors; 
afferent nerve fibres that carry their signals; brain regions that map body 
state at different levels of processing; and brain regions that check and 
make adjustments for any discrepancies between the brain’s predictions 
regarding the upcoming needs of the body and the actual incoming 
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information about body state. When feelings emerge, they flag, in 
effect, that a given situation is important in one way or another.
They signify physiological need (for example, hunger), tissue injury (for 
example, [acute] pain), optimal [well-regulated] function (for exam-
ple, well-being), threats to the organism (for example, fear or anger) or 
specific social interactions (for example, compassion, gratitude or love). 
Feelings constitute a crucial component of the mechanisms of life regu-
lation, from simple to complex. Their neural substrates can be found at 
all levels of the nervous system, from individual neurons to subcortical 
nuclei and cortical regions. (Damasio and Carvalho 2013, p. 143)
Damasio’s systemic framework provides us with a way of thinking 
about feelings on different levels of complexity (see Damasio [2003]). 
On the simplest level, the feeling may be solely the perception of a 
certain body state (Damasio 2003, p. 89). Here, feelings function to 
‘amplify the impact of a given situation, enhance learning, and increase 
the probability that comparable situations can be anticipated’ (Damasio 
2001, p. 781). For example, when our child (including adolescent) 
patients experience symptoms related to hyperventilation, the feelings 
they experience and describe all reflect the conscious perception of the 
physiological changes in body state caused by hyperventilation. These 
homeostatic feelings may include one of more of the following: buzz-
ing in the head; varying degrees of reduction in the level of conscious-
ness, described as dizziness, lightheadedness, giddiness, or faintness; 
blurring of vision; dryness of the mouth; numbness and tingling of the 
hands, feet, and face; stiffness of the muscles; and tetany. As the chil-
dren learn to attend to these changes in body state and, in turn, to rec-
ognize the changes as a product of hyperventilation, they can undertake 
measures—mind-body interventions learnt as part of their treatment 
process—to control their dysregulated breathing, to change their physi-
ological state, and to rid themselves of the particular homeostatic feeling 
(see Chapter 14).
On the next level, ‘a feeling is the perception of a certain state of the 
body along with the perception of a certain mode of thinking and of 
thoughts with certain themes’ (Damasio 2003, p. 86). Here, mental 
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representations of body state are modulated by other processes that 
occur on the mind level of operations—processes that occur as part of 
a person’s stream of mind. Examples from athletics are helpful in this 
context. A person who runs daily might, at some point, feel (on the first 
level, as above) somewhat fatigued but might also recognize that she is 
running especially well on that particular day. This additional layer will 
likely enable her to keep running and to actually feel less fatigued than 
she would on a ‘standard’ day of running. Going one step further, it has 
been shown that athletes have greater endurance when they are timing 
their efforts against a clock that has been calibrated to run slowly, cre-
ating the false impression that they have not been exercising as long as 
they actually have. Even intentional, known distractions or deceptions 
have an impact. Athletes are able to modify their feelings of fatigue by 
distracting themselves with music or by using a mirror to observe the 
non-fatigued arm when working with the opposite arm (see Noakes 
[2012] for review). Evie—the 15-year-old girl presenting with precor-
dial catch syndrome and non-epileptic seizures (NES) whom we met 
in Chapter 9—described how her feelings of extreme pain were always 
accompanied by thoughts with certain themes.
When Evie experienced the bubble feeling of exploding pain in her 
chest, she would experience a negative mode of thinking and thoughts 
with negative themes: ‘I can’t stand this; I want to die; I hate myself; who 
invented this stupid thing; of all people I got this; I want to kill myself.’ 
The pain and thoughts combined would trigger an NES. When the 
NES was over, the negative feelings remained. It would take some hours 
before the feelings of being overwhelmed and suicidal actually ebbed. [See 
Chapter 2 for history of Evie’s presentation.]
On the final level, feelings can be generated by the brain itself—what 
Damasio calls the as-if-loop mechanisms. In this scenario, the brain can 
create mental representations of body state that do not correspond to 
the current reality of the body. This capacity enables us to feel empa-
thy with others, to feel hope for the future, to shift our mind into 
 ‘wellness-thinking’, and to use the felt experience of an anticipated 
future event to help optimize decision making (see vignette of Evie, 
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below). Nevertheless, this same capacity to simulate feelings can con-
tribute to feelings of pain when no injury exists, feelings of fatigue when 
exertion has been minimal, and feelings of nausea unconnected to cur-
rent experience. The simulation of feelings can also shift one’s mind into 
‘illness thinking’ or generate felt fears or concerns about the future that 
impair or distort decision making.
In the following vignette, we see how a child used an as-if-loop 
mechanism to disrupt an emerging body state top-down.
Together with her therapists (the first author [KK] and a psychologist), 
Evie sequenced the temporal order of sensations: hot inside/cold out-
side, followed by tingling in the left arm, blurred vision, and perceived 
shortness of breath, along with burning in the throat and lump in throat, 
culminating in the pain bubble ‘exploding’ in her chest (precordial catch 
pain ). Evie then practiced the implementation of a visualization—which 
invoked pleasant feelings via the as-if-loop mechanism—and was able, with 
time, to avert the tension pattern that progressed within her mediastinum 
and that culminated in the bubble feeling of exploding pain in her chest.
Cognitive processes appear to have a profound impact on body state 
in and of themselves. Anticipation of pain activates the amygdalae (part 
of the brain stress systems) (Strigo et al. 2010). Negative appraisals of 
a situation can activate the autonomic system top-down (Gianaros and 
Wager 2015). Catastrophizing activates posterior regions of the brain 
stress systems (Lee et al. 2018). In patients with chronic/complex pain, 
catastrophizing and attention to pain increase activation in the insulae 
(also part of the brain stress systems) (Kim et al. 2015). And in the case 
of patients who persistently worry about body symptoms that resemble, 
and are misinterpreted as, known medical diseases, findings on func-
tional MRI (fMRI) show that the brain stress systems are overactive and 
over-dominant, and over-connect with motor- and sensory-processing 
regions (Kim et al. 2019b).
What emerges from these examples and this three-tiered typology of 
feelings is a recognition that feelings, except at the lowest level involv-
ing direct perception of body state, are the product of dynamic interac-
tions between physiological states, neural maps of physiological states, 
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perceptions of physiological states, and wide-ranging cognitive pro-
cesses. More concretely, the mind level of brain operations—how the 
child thinks about herself and her functional somatic symptoms, how 
she processes the stressful events in her life, how she is influenced by 
her own moods, and the role of previous experience and learning—has 
a potentially profound impact on the child’s perceptions (feelings) of 
body state, on the body state itself, and even on her functional somatic 
symptoms. These interconnections among feeling, thinking, and func-
tional somatic symptoms are the focus of the present chapter.
The Influence of Conscious Processes 
on Functional Somatic Symptoms
Within the field of developmental psychology, a child’s ability to con-
trol her thoughts, feelings, and focus of attention using top-down cog-
nitive processes falls under the umbrella term of self-regulation (Posner 
2012). By now the reader is well aware that in this book we use the 
term self-regulation much more broadly to include both top-down and 
bottom-up processes. In Chapters 5–11, we have already seen that 
children with functional somatic symptoms show significant difficul-
ties with self-regulation on the body level and on the implicit level of 
brain operations. In the following subsections we shall see that children 
with functional somatic symptoms also struggle with regulation on the 
mind level of brain operations and that these difficulties contribute to 
the children’s perceptions (feelings) of body state. Although we discuss 
conscious processes using commonly used constructs, it is important to 
emphasize that many of the constructs are overlapping and interdepend-
ent, and that in clinical practice they are often impossible to separate 
and need to be managed in tandem.
Attention
‘Everyone knows what attention is. It is the taking possession by 
the mind, in clear and vivid form, of one out of what seem several 
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simultaneously possible objects or trains of thought’ (James 1890, 
pp. 403–404). In this statement, William James was referring to what 
researchers now refer to as focal attention mediated by the executive 
attention network (Posner 2012), a network of brain regions that enable 
attention to be voluntarily directed and sustained on the mind level of 
brain operations, thereby bringing objects of consciousness into focus.
Attention plays a key role in determining how information about 
body state is processed. Focusing one’s attention onto a body part 
increases blood flow in that part of the body (Darwin 1872). Bringing 
attention to body sensations biases the processing of selected stim-
uli, increases neural mapping at multiple levels, and is accompanied 
by changes the individual’s perception (feelings) of body state (Bauer 
et al. 2014; Kim et al. 2019a). By filtering out competing sensory 
inputs, attention facilitates synchrony between groups of neurons; 
attentional processes can enhance sensory, motor, and cognitive pro-
cesses by activating and strengthening synaptic linkages between neu-
rons and by enhancing communication (connectivity) between brain 
regions. But attentional processes can also be maladaptive. In children 
with functional somatic symptoms, attention to symptoms can pre-
sumably enhance aberrant interoceptive, sensory, motor, and perceptual 
processes by activating and strengthening aberrant synaptic linkages 
between groups of neurons and by enhancing connectivity between 
brain regions involved in symptom production. These linkages will 
need to be weakened or deactivated if health and well-being are to be 
restored.
The important role of attention in worsening or maintaining func-
tional somatic symptoms in children is well documented (Walker et al. 
2006; Palermo et al. 2014). For example, functional neurological symp-
toms typically increase in severity with attention and decrease in severity 
or even disappear when the child is paying attention elsewhere (Faust 
and Soman 2012; Stone 2014). A similar pattern is typical in children 
who present with chronic pain or persisting fatigue. Very often the pain 
or fatigue is most evident when the child is attending to the symptom 
or when a parent or doctor is asking about it, and least evident when 
the child is engaged in, and attending to, an activity that she enjoys. 
In this context, once the diagnostic assessment has been completed, an 
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explanation and diagnosis has been provided, and treatment has been 
initiated, ongoing attention to functional symptoms, rather than to the 
interventions that can make the symptoms better, is generally counter-
productive. Such symptom-focused attention, whether by the child, 
parent, doctors, or self-help group, will have the effect of making the 
symptoms worse and potentially chronic.
Johnny was a 9-year-old boy with a three-year history of functional gut 
symptoms (abdominal pain, nausea, and diarrhoea), six-month history 
of whole-body jerking, and three-month history of episodes of chest 
pain during which Johnny felt he could not breathe, was dizzy and light-
headed, and had intermittent loss of vision. More recently, Johnny’s pain 
had begun to migrate over his whole body, and he began to experience 
periods of arm and leg paralysis that lasted up to six hours. Despite 
Johnny’s many visits to the family doctor, emergency department, and 
paediatrician, the doctors said that Johnny’s physical examination was 
normal, that all his tests were normal, and that they could find noth-
ing wrong. Johnny’s parents were unable to accept the medical verdict 
because they had to manage Johnny’s symptoms on a daily basis and 
knew that the symptoms were real and functionally impairing. Despite 
repeated physical examinations and tests, Johnny’s parents became more 
and more worried that some serious medical condition had being missed. 
They paid Johnny’s symptoms more and more attention; they asked about 
the symptoms many times a day; and when new symptoms appeared, 
they filmed them. Johnny also was worried about his symptoms. He did 
not tell his parents, but secretly he thought he had some terrible disease 
and was going to die. In this highly charged context, in which Johnny’s  
symptoms received constant attention, the symptoms progressively wors-
ened, and with increasing frequency Johnny used a wheelchair to move 
around at school.
Raymond was a 12-year-old boy with a long history of anxiety, begin-
ning with severe separation anxiety at ten months of age. Two years ago, 
prior to admission to the Mind-Body Program, he started to experience 
transient, recurring functional somatic symptoms—joint pains, bilat-
eral leg weakness, and losses of vision—all in the context of significant 
family stress related to parental illness. Six months prior to admission, 
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he began to experience stronger, more persistent pain in his right knee. 
Because weight bearing caused Raymond pain, he avoided using his right 
leg whenever possible, keeping it still and also elevating it if possible. 
With time, Raymond developed chronic regional pain syndrome (CRPS) 
with secondary complications related to his avoidance of weight bearing 
on his right leg (loss of bone density in the right femur and decreased 
range of movement in the ankle joint, documented under general anaes-
thetic). Raymond was admitted into the Mind-Body Program to treat his 
CRPS and transient losses of vision. Raymond now also reported severe 
pain in his right foot, and he refused to put any weight on it. His antici-
patory anxiety was so great that he would begin to yell and scream—and 
to hide from the physiotherapist—as the time of his physiotherapy ses-
sion approached. During some of these episodes, he also reported a loss of 
vision: ‘I can’t see, I can’t see.’
Despite all the above, Raymond enjoyed therapy sessions with his psy-
chologist, especially those in which his therapist used hypnosis. In one 
hypnosis session the role of attention in amplifying Raymond’s pain was 
made especially clear. After inducing a trance state, the therapist sug-
gested that Raymond relax his body and let the tension go. Raymond’s 
body became progressively more relaxed. When the therapist focused 
Raymond’s attention to the right foot—by making a direct suggestion 
pertaining to the foot—Raymond became agitated, his body made small 
jerky movements, and he began to pick at his arms, legs, and face. After 
coming out of the trance state, Raymond noted that as soon as the ther-
apist had shifted his attention to his foot, the pain in the leg had spiked.
Hypervigilance to Threat, Negative Appraisal  
Processes, and Rumination
The appraisal and coping framework was put forward by Lazarus and 
his colleagues in a number of landmark publications (Lazarus 1966; 
Lazarus and Folkman 1984). Appraisal processes ascribe meaning, includ-
ing threat-related meaning, to events in the external world, to body 
sensations, and to other images in the stream of mind—thoughts, 
memories, narratives, or other images—that arise at the mind level of 
brain operations. Primary appraisal processes include magnification and 
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rumination, and secondary appraisal processes include helplessness. In 
this framework, these two types of processes work together to determine 
whether—and, if so, which—coping strategies will be employed.
Since the introduction of the appraisal and coping framework in the 
1960s, rapid advances have been made in understanding the neurobi-
ology of appraisal processes. We now know that the medial prefrontal 
cortex (part of the brain stress systems) is involved both in appraising 
information and in activating the efferent component of the auto-
nomic system that fine-tunes body state on a second-by-second basis. 
What this means in practice is that when a child ascribes a threat-related 
meaning to an event, body sensation, or mental image, the prefrontal 
cortex will automatically switch on the autonomic nervous system com-
ponent of the stress system and activate the body to prepare it for the 
upcoming threat (see Gianaros and Wager [2015] for review). These 
couplings between appraisals and body states establish brain-body path-
ways linking psychological stress—the threat-related meaning ascribed 
to events and mental images—and body state. In this way, the cognitive 
act of appraising events and mental images as threatening will activate 
the brain-body stress systems and, in particular children, will contrib-
ute to the generation and maintenance of functional somatic symp-
toms. By the same token, altering the cognitive appraisal of events and 
mental images—so that they are no longer seen as threatening—will 
help to decrease and even extinguish functional somatic symptoms. 
Accordingly, maladaptive appraisal processes are an important target of 
therapeutic intervention.
An ample literature suggests that maladaptive patterns of stress 
appraisal by children or their parents are associated with less healthy 
coping strategies, the development of functional somatic symptoms, 
and greater functional disability (Williams et al. 2011; Walker et al. 
2007; Wallrath et al. 2019). Likewise, the importance of maladaptive 
appraisal processes and rumination has also been documented in adult 
patients with NES (see summary in Testa et al. [2012]), in patients 
with chronic fatigue (see summary in Meeus et al. [2010]), and chronic 
pain conditions more generally (see Jackson et al. [2014] and Kim et al. 
[2015]). In patients with chronic pain, threat appraisals have positive 
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overall correlations with pain intensity, impairment, affective distress, 
and passive coping, and such appraisals are negatively related to active 
coping (Jackson et al. 2014).
In the vignettes below, we highlight how these processes emerge in 
daily clinical practice. For more about meaning making as part of family 
or individual narratives about the meaning of certain events (whether 
single events or longer series of interconnected events, as in a family his-
tory or one’s life story), see Online Supplement 12.1.
Hypervigilance to threat. Zia was a 13-year-old girl who presented with 
headaches, dizziness, recurrent fainting and collapse events, and weakness 
in her legs. Zia lived with her father and her three brothers. During Zia’s 
preschool years, all the children had been exposed to substantial abuse 
and neglect. Each morning, Zia and her siblings made the ten-minute 
walk from the family home to the bus station to catch a bus to school. 
Before leaving the house each morning, Zia’s father would warn his chil-
dren to stick together and keep an eye out for one another. Upon walk-
ing out the front door of their home, Zia was immediately on high alert 
for any unusual or sudden noises or dangerous-looking strangers. At the 
bus station and on the bus itself, she would scan the street and the bus 
for any person who appeared dangerous or threatening, for anyone who 
could hurt or threaten her brothers, and for anyone who looked like a 
potential child molester. If a stranger looked dangerous, Zia would move 
her brothers away. On the way home from school, Zia remained on high 
alert. Once home, Zia would collapse in a heap on the couch, with an 
intense headache and feeling exhausted from the day.
Negative appraisals. Anne-Marie was a 10-year-old girl with a 13-month 
history of pain and weakness in her legs; she was confined to a wheel-
chair. Through her various illness behaviours, Anne-Marie engaged her 
mother and siblings in fetching and carrying for her. She had previously 
experienced domestic violence, including her father’s verbal abuse and his 
threats to kill the family. Her mother and siblings eventually fled the fam-
ily home to obtain refuge (and safety) from the father. In the  Mind-Body 
Program, because standing on her legs caused her pain, Anne-Marie 
appraised land-based physiotherapy as threatening and unacceptable. She 
therefore blankly refused to engage in physiotherapy or any activity that 
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included weight bearing on land. If pushed to do so, she would become 
increasingly anxious and would go into shutdown as a defence mecha-
nism, a state in which no one could reach her. By contrast, Anne-Marie 
appraised water-based physiotherapy as safe; in water-based sessions she 
swam around like a fish, with no pain in her legs.
Rumination. Owen was an 11-year-old boy with functional neurological 
disorder—shaking in the arms and legs, and weakness and loss of coor-
dination in the legs—who presented in the context of severe bullying at 
school. When walking, Owen made his way slowly in a bizarre, laborious, 
wide-based, shaky gait. On admission to the Mind-Body Program, he was 
particularly worried about going to the hospital school. The night before 
his first attendance, he ruminated about the hospital school throughout 
the night—’I don’t want to go’, ‘I don’t know anyone’, ‘It’s a new place’, 
‘It will be awful’—and was unable to sleep. When he arrived at the hos-
pital school, he kept thinking about how awful it was to be there, and 
he spent considerable time texting his ruminations to his parents. The 
 never-ending stream of rumination meant that Owen never actually 
stopped to notice that hospital school was not as awful as he expected. 
Managing his ruminations became a key part of the psychological com-
ponent of his treatment intervention. By the end of the admission, Owen 
loved the hospital school and was very sad to leave.
Rumination. Raymond—the boy with CRPS whom we met earlier in the 
chapter—was not the only anxious member in the family. Raymond’s 
mother was also a worrier. In a discharge-planning meeting, when the 
discussion turned to Raymond’s return to school, the mother voiced 
all the worries that had been running through her mind with regard to 
Raymond’s return to school: ‘He’s not physically or mentally ready to go 
back to school’; ‘If his foot gets knocked, he will not be able to man-
age his distress’; ‘He might get teased’; ‘He might be seen as different’; 
‘The teachers and other students might see him as a student with spe-
cial needs’; ‘He might feel uncomfortable in a role where he was depend-
ent on others’; and so on. Raymond’s father, who was well familiar with 
his wife’s anxious thoughts, referred to this process as ‘building bridges’, 
a process by which his wife expended much mental energy rehearsing 
all possible future scenarios—all possible bridges that she might have to 
cross.
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Catastrophizing
A related construct is that of catastrophizing. To catastrophize means 
‘to imagine the worst possible outcome of an action or event: to think 
about a situation or event as being a catastrophe or having a poten-
tially catastrophic outcome’ (Merriam-Webster’s Online Dictionary). 
When catastrophizing, the individual engages in a process that involves 
active rumination and excessive magnification of negative cognitions 
and feelings—typically feelings of helplessness, often coupled with feel-
ings of pain, fatigue, nausea, and so on—with regard to an approaching 
situation. In this way, the act of catastrophizing invokes the human abil-
ity to create mental images that symbolize potential future outcomes. 
Even though the mental images generated in catastrophizing are imagi-
nary—they are generated by the brain—they engage the attentional and 
appraisal processes described earlier in this chapter. In addition, when 
articulated aloud, catastrophic thoughts help maintain the unhealthy 
dynamics by which parental attention and responsiveness to the child’s 
symptoms are maintained (Williams et al. 2011) or by which a par-
ent’s own catastrophizing contributes to the maintenance of the child’s 
symptoms (Palermo et al. 2014; Frerker et al. 2016). Catastrophizing is 
another example of an adaptive process—the capacity to anticipate and 
plan responses in order to facilitate survival—gone awry.
While catastrophizing about pain has received most attention in the 
literature—showing a clear impact of catastrophizing on the severity of 
symptoms and illness—catastrophizing is common across functional 
somatic presentations. Imaging studies of catastrophizing suggest that it 
contributes to symptom persistence and amplification because it acti-
vates the brain stress systems and increases connectivity between the 
brain stress systems and sensory-processing regions, which is a pattern 
that occurs across functional presentations (see Chapter 11). For refer-
ences see Online Supplement 12.1.
Morgan, the adolescent whom we met in Chapter 10, was a  15-year-old 
girl with a four-week history of hemiparesis and sensory loss on the 
left side of her face and body, a three-year history of chronic headache, 
fatigue, and intermittent NES, and a nine-year history of functional gut 
264     K. Kozlowska et al.
symptoms (recurring abdominal pain accompanied by nausea, difficulties 
eating, and irregular bowel function). Morgan was a catastrophizer. With 
her therapist, Morgan tracked her thoughts about an upcoming test: ‘If I 
don’t study now, I will fail my English test; if I fail my English test, this 
will mean that I keep going badly in English until I get a bad mark in 
the HSC [Australian examination for university admission]; if I get a bad 
mark in the HSC, then I won’t get into university; without skills, I will 
end up being a checkout chick; but because I am not good with numbers, 
they would sack me; and so I will end up homeless, depressed, on drugs, 
and living on the street.’
Feelings and Thoughts in Regulating Body State
Negative Feelings, Anxiety, and Depression
Negative feelings—fear, anger, and sadness—as well as anxiety and 
depression, also affect the perception (feelings) of body state and the 
manner in which children with functional somatic symptoms per-
ceive and manage their symptoms (see second-level feelings described 
within Damasio’s framework, above). Very often it is not possible to 
effectively treat the somatic symptoms unless the comorbid negative 
feelings, anxiety, or depression are addressed. Readers interested in this 
area of research may like to look up the references provided in Online 
Supplement 12.1. In the vignettes below, we provide some examples of 
how negative feelings crop up in clinical practice with children.
Hopelessness. Morgan, the catastrophizing 15-year-old girl with functional 
neurological disorder whom we met above, felt hopeless about her situ-
ation and did not think that anything could change for her. Her stream 
of mind included a constant stream of rumination about her helpless-
ness and the futility of the medical profession: ‘The doctors can’t help’; 
‘Nobody knows what’s wrong with me’; ‘You don’t believe that there’s 
anything wrong’; ‘Yet another doctor has said they can’t fix me’. Despite 
repeated conversations about Morgan’s diagnosis and prognosis with her 
therapist, she kept returning to these thoughts. All attempts to use cogni-
tive strategies to modify this stream of rumination made little difference. 
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It was only after Morgan had been on a therapeutic dose of an antidepres-
sant (a selective serotonin reuptake inhibitor [SSRI]) for some time that 
these thoughts started to decrease in intensity. Whenever Morgan became 
stressed and her mood dipped, however—because of a setback in her pro-
gress or because of social or exam stress at school—her hopeless thoughts 
would return, and she had to work hard to manage the thoughts so that 
they did not overwhelm her.
Fear. Raymond, the 12-year-old boy with CRPS whom we met earlier in 
the chapter, had an intense fear of movement, weight bearing, and bump-
ing his leg. In the initial stages of Raymond’s admission, this fear blocked 
all treatment efforts. When Raymond woke up in the morning, he was 
conscious of his fear of the physiotherapy that was to happen that day. 
Lying in bed he would begin to ruminate and catastrophize: ‘I don’t want 
to go to physio’; ‘They’re going to set unrealistic goals for me’; ‘I’ll never 
be able to reach them’; ‘Everyone is going to be disappointed in me’; ‘I’ll 
never walk again’; ‘I won’t be able to make it home by Christmas; I’ll be 
in hospital forever’. By the time the physiotherapist arrived, Raymond 
was in a state of panic characterized by an elevated heart rate, elevated 
respiratory rate, and raw fear that led him to hide under the sink in 
the bathroom while shaking in fear. If the physiotherapist tried to lure 
Raymond out from under the sink, he would begin a long period of loud, 
distressed screaming.
Anger. Taylor was a 15-year-old girl with a three-year history of anxiety 
and recurring diarrhoea and abdominal pain, a two-year history of diz-
ziness and fainting, and a two-week history of NES that had begun after 
Taylor had been prescribed an SSRI for her anxiety by her referring doc-
tor. Increased too quickly—and at doses that were too large—the SSRI 
had agitated Taylor and increased her physiological arousal. During her 
hospital admission, Taylor experienced prolonged NES, during which she 
shook and from which she could not be roused. In her work with her psy-
chotherapist, Taylor identified that a feeling of anger preceded all her NES. 
Taylor was especially angry with her mother, who had high expectations for 
Taylor’s performance at school and who pushed her ruthlessly and relent-
lessly to do well. Taylor came to recognize that any interaction with her 
mother or hospital staff that triggered intense anger—for example, being 
told that she had to go to the hospital school—triggered an NES.
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Putting Unwanted Material Out of Mind
Some children try to put unwanted negative thoughts, feelings, and 
memories out of mind. Different psychotherapy traditions have used 
different words for this phenomenon, including inhibition, suppres-
sion, and denial and avoidance of unwanted thoughts, feelings, and 
memories. A robust body of work now shows that putting unwanted 
negative thoughts, feelings, and memories out of mind is associated 
with increased physiological arousal and with increased activation of 
the brain stress systems. And when the unwanted material does come 
to mind, it can also be associated with very significant arousal. Further, 
a number of studies highlight that the cognitive process of putting 
unwanted negative material out of mind can contribute to functional 
somatic symptoms. For references see Online Supplement 12.1. Below 
we provide some vignettes of how putting unwanted material out of 
mind crops up in clinical practice with children.
Putting feelings into the box. Evie is the 15-year-old girl with precordial 
catch syndrome (sharp exploding pain in chest) and NES whom we met 
earlier in the chapter (see Chapter 2 for details of Evie’s presentation). 
When asked about her mood during the family assessment interview, 
Evie said that she was ‘fine’. Later it emerged that when Evie experienced 
the sharp exploding pain in her chest, she experienced suicidal ideation 
and wanted to kill herself. When asked why she had not mentioned this 
information, Evie said she had put the thoughts into her ‘box’. When 
the feelings were in the box, she did not think about them, and they did 
not exist. In addition, Evie’s relationship with her father—with whom 
she had been very close—had broken down 18 months before. But on 
the Early Life Stress Questionnaire (ELSQ), a checklist of 19 stress items, 
Evie had not ticked the section pertaining to family conflict. When asked 
why she had not included her conflicted relationship with her father on 
the questionnaire, Evie said that she no longer considered her father as 
part of her family and had therefore not ticked the questionnaire section. 
She had also put the conflict with her father in her ‘box’.
Inhibition/suppression/denial/avoidance of unwanted thoughts, feelings, and 
memories. Victoria was a 17-year-old girl who presented with intense 
12 The Brain Stress Systems II: The Mind Level of Brain Operations     267
fatigue, amnesia (e.g., lack of recognition of her parents and siblings), 
clouded thinking, violent episodes of trembling, and pain and weakness 
in the legs after falling down some stairs near the school playground. 
Victoria also suffered from symptoms of post-traumatic stress disorder in 
relation to a sexual assault by a sports coach two years previously, which 
she had recently disclosed to her youth group leader. Even when Victoria’s 
amnesia and clouded thinking began to clear, she refused to discuss the 
assault with anyone (including the police). She told her therapist that 
she did not want to think about the assault and that she would continue 
to manage the memories by blocking them out of mind. Despite all of 
Victoria’s efforts, the unwanted material emerged at night—in the form 
of nightmares—and during the day in the form of fear: fear that people 
were looking at her, fear of men, and fear of being touched in any way. 
Victoria’s body was also permanently activated in a state of high arousal, 
which was reflected in an elevated respiratory rate (20–30 breaths per 
minute with a pCO2 of 23–29 mm Hg), a heart rate frequently in the 
range of 95–120 beats per minute, nights that were punctuated by night-
mares, and frequent panic attacks during the day and night, during which 
her heart rate, respiratory rate, and trembling reached their maximum 
levels.
Expectations
Perceptions (feelings) of body state are significantly modulated by 
expectations—by what the child anticipates/expects to happen. 
Sometimes the anticipated body state—of pain or nausea or fatigue or 
motor difficulties—can be triggered in the absence of any sensory input. 
This is an example of feelings from the third tier of Damasio’s typology 
of feelings, where the brain creates mental representations of body state 
that do not correspond to the current reality of the body. In this way, 
negative expectations play an important role in triggering and maintain-
ing functional somatic symptoms—in maintaining dis-ease—whereas 
positive expectations contribute to the process of getting well (Benedetti 
et al. 2013).
Positive expectations are part of the placebo effect. Research studies 
demonstrate that placebos work best when they activate already exist-
ent neural pathways—that is, pathways that have been primed by past 
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experience. For example, when treating pain, the positive expectations 
that are activated as part of the placebo response reduce activity in 
 pain-processing regions and brain stress systems, and increase activity 
in prefrontal cortical networks (which support positive expectations and 
the brain’s dopamine reward systems) and subcortical regions (which 
support  experience-dependent learning) (Wager and Atlas 2015; Dodd 
et al. 2017). Negative expectations or the nocebo response—an increase 
of symptoms following an intervention in the context of negative expec-
tations (expectations that promote pain, distress, and dis-ease)—have 
the opposite effect; they decrease signalling in prefrontal cortical net-
works and the brain’s dopamine reward system (Dodd et al. 2017).
Expectations of pain. During the family assessment, the power of 
Raymond’s expectations of pain—the boy with CRPS whom we met 
earlier in the chapter—were enacted in the session. At one point in the 
interview, Raymond’s sister, who was perched on a chair near the head of 
Raymond’s bed, leaned her body slightly toward Raymond. As his sister 
leaned in, Raymond yelled, ‘Ow, your hurting me, move away.’ Raymond 
felt his anticipated pain even though his sister had not touched him.
Expectations of nausea and pain. Zack was a 17-year-old boy with a 
 three-year history of nausea, feeling unwell following eating, recur-
rent abdominal pain, and difficulties maintaining his weight and nutri-
tional status. Zack tried to eat as little as possible to avoid precipitating 
his symptoms. On admission to hospital Zack had strong expectations 
that feeds given via a nasogastric tube would trigger his symptoms. 
Zack’s treating team knew that in the normal course of a day, the stom-
ach secretes approximately 1500 ml of fluid into the gastric lumen. In 
this context, the team examined the contribution of Zack’s expectations 
by passing 1 ml of fluid into his gastric lumen via the nasogastric tube. 
When 1 ml of fluid was administered, Zack became white as a sheet; 
he began to sweat; and his heart rate and respiratory rate went up. He 
clutched his stomach, complained of excruciating pain, reached for his 
vomit bag, and begged for medication to relieve his pain. Following the 1 
ml trial, Zack began to understand the power of his own mind. He real-
ized that he could trigger his symptoms with just his mind. With the help 
of his psychologist, he worked on using his mind—via hypnosis, imagery, 
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and other cognitive and body-regulation strategies—in more helpful 
ways, enabling him to manage his expectations and his symptoms.
***
In this chapter we have examined how cognitive processes—the mind 
level of brain operations—can be used in maladaptive ways and can 
contribute to the shaping and maintenance of functional somatic 
symptoms. All of the cognitive processes that we have discussed in this 
chapter are available to conscious awareness, and they make up what 
we recognize as the ‘stream of mind’ (Damasio 2003, p. 197). Because 
conscious processes are amenable to conscious manipulation, they also 
provide a therapeutic window for change. In Chapter 13, we look at 
principles of treatment that are built upon our systemic model, and in 
the chapters after that (14–16), we examine therapeutic interventions 
on different system levels: the body level, the mind level of brain opera-
tions, and the family and behavioural system levels.
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Building on the initial formulation and the clinician’s own 
 understanding of the stress system and its relation to functional somatic 
symptoms, Chapters 13 to 16 focus on the treatment of functional 
somatic symptoms.
Chapter 13 summarizes the main treatment principles that guide 
our clinical practice day to day. The chapter is meant to function like 
a map that the clinician can consult when the treatment has stalled and 
it’s not clear what to do next. We ourselves often consult the map when 
challenged by a particular clinical situation or to double-check whether 
we have overlooked some important principle that could help the 
treatment process get back on track.
An important theme that emerges from Chapter 13 is that the focus 
of the treatment intervention for functional somatic symptoms is the 
child’s stress system and all the factors that activate and  dysregulate 
the stress system—and not the symptoms per se. This theme runs 
contrary to much of contemporary clinical practice, in which the focus 
is on treating symptoms (in this case, the expression of stress-system 
dysregulation) or disorders (in this case, the expression of  stress-system 
dysregulation that fits a commonly seen pattern). Because children 
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with functional somatic symptoms often present with multiple somatic 
symptoms, and because their symptoms often shift and change over 
time, it is much more useful for the clinician to conceptualize the 
somatic narrative in terms of the underlying biological systems and the 
manner in which these systems embody the child’s physical and emo-
tional stress. Working from this perspective, the clinician will not be 
surprised or confused when child’s symptoms shift and change. For 
example, when the child’s symptoms include various combinations of 
abdominal pain, dizziness and nausea on standing (orthostatic intoler-
ance), and panic and anxiety, the clinician will conceptualize all these 
symptoms as involving activation and dysregulation of the autonomic 
nervous system and will implement interventions that target this sys-
tem. Based on a shared working formulation, the clinician, child, and 
family will implement interventions from multiple system levels to 
address the problem area. In most clinical situations, the interventions 
will involve multiple system levels—the body, mind, relationships in the 
family, and issues in the school—to address the broad range of factors 
that contribute to the activation and dysregulation of the child’s stress 
system.
Chapters 14, 15, and 16 are organized by system levels. Chapter 14 
outlines treatment interventions at the body system level. In our 
 day-to-day clinical practice, given that the child is presenting with 
symptoms in the body, we always begin treatment at the body system 
level. Interventions at the body system level have an inherent accepta-
bility for children and their families, and they allow the interven-
tion to gain momentum, moving from interventions that are easy to 
 implement (e.g., a sleep intervention) to those that are more challeng-
ing and confronting (e.g., addressing loss, trauma, or parental conflict). 
Chapter 15 moves onto the mind system level, the many different ways 
in which humans can use their minds to activate and dysregulate the 
stress system. Chapter 16 addresses social aspects of the intervention: 
the family system, behavioural interventions, and (in the online supple-
mental material) issues at school. In all three chapters we share with the 
reader the broad range of interventions that we and our clinical teams 
integrate, as needed, into an overall treatment program.
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Abstract  In this chapter we outline the key principles that are built into 
the structure of our Mind-Body Program and into the interventions we 
undertake with any particular child. The principles are especially useful 
in the following circumstances: in assessing a referral for treating func-
tional somatic symptoms; in setting up the multidisciplinary team around 
a given patient; in explaining to the child and family the overall goals 
and structure of the treatment approach to be used; in determining the 
details of the therapeutic interventions to be used; in discussing and initi-
ating those particular interventions with the child and family; in periodi-
cally assessing the success or failure of ongoing therapeutic interventions; 
and when confronting situations in which the therapy feels stuck and 
the treatment interventions that should be working are not working. In 
addition, the principles make key processes explicit and can be used as 
touchstones for teaching and for learning. As touchstones, the principles 
can be used to identify dynamics both within the family and between the 
clinician and the family, and to help to open space for reflection about 
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different aspects of the therapeutic process. Specific interventions, organ-
ized by system levels, are discussed in Chapters 14–16.
The treatment of children (including adolescents) with functional somatic 
symptoms and their families ranges from straightforward to fraught with 
difficulty, and anywhere in between. To understand and manage this 
complexity, the mental health clinician—or more commonly, the multi-
disciplinary clinical team (from now on, simply the clinician )—needs 
to keep in mind some key principles. The principles help make key pro-
cesses explicit—those that take place in the paediatric setting, the mental 
health setting, and between the clinician and family to support a path to 
health and well-being (versus illness and dis-ease). The principles also help 
us, the clinician, to effectively conceptualize and reflect about processes 
and patterns of communication between the family and medical system, 
within the family itself, and between the clinician and family. Keeping 
these principles in mind is helpful because their implementation increases 
the likelihood that the child will return to a state of health and well-be-
ing. We discuss these principles one by one, clustered under headings that 
approximate the temporal order of the therapeutic process. The reader 
will notice, however, that some of the principles are overlapping and 
interdependent, and that in clinical practice they are applied in tandem. 
Notwithstanding, we provide all the principles here as a sort of map that 
clinicians can use to guide the treatment process or that they can consult 
when they feel lost or when the therapeutic process is not going well.
Setting Things Up in the Broader Health Care 
System: Principles Concerning the Paediatrician 
and the Medical Assessment Process
Principle 1: Completion of a Thorough Medical 
Assessment
This principle pertains to processes in the health care system that take 
place before the mental health clinician accepts a referral. As we have 
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noted throughout the book, best practice in the field of functional 
somatic symptoms requires that a thorough medical assessment—by a 
paediatrician or family doctor—be completed prior to referral to a clini-
cian for treatment. As part of the medical assessment, the paediatrician 
needs to have ruled out an organic cause for the symptoms, identified 
any concomitant medical factors that are part of the child’s presenta-
tion, and identified the pattern of symptoms and signs that enabled 
the paediatrician to provide the child and family with a positive diag-
nosis of a functional disorder (for positive diagnosis, see Chapter 2 and 
Online Supplement 2.1). In providing a positive diagnosis, the paediatri-
cian needs to tell the child and family explicitly that the child’s pattern 
of symptoms and signs has a name—for example, functional abdominal 
pain or functional neurological disorder—and that specific treatment is 
required. Via this medical process that precedes the referral to the mental 
health clinician, the paediatrician contributes to the creation of a secure 
base from which the child, family, and clinician can feel safe enough to 
explore the various factors that contributed to the child’s presentation. 
Without this secure base, neither the family nor the mental health clini-
cian can engage in the therapeutic process, because they will remain con-
cerned that an organic condition may have been missed.
Principle 2: Early Referral for Mind-Body Treatment 
by the Paediatrician Leads to Good Outcomes  
and a Return to Health
The literature suggests that children with functional somatic symp-
toms have better outcomes than adult patients and that their functional 
symptoms are more likely to remit. Our own clinical experience is that 
when children are referred early to established programs—or treatment 
teams or settings—specifically developed for, or designed to include, 
children with functional somatic symptoms, they achieve much better 
clinical outcomes than children whose referrals for treatment have, for 
one reason or another, been significantly delayed. From the perspective 
of the stress-system model, it seems likely that early referral and treat-
ment facilitate settling of the child’s stress system to a more regulated 
278     K. Kozlowska et al.
state, preempt the decline into chronicity, and prevent the establish-
ment of illness-reinforcing patterns within the family, school, and med-
ical systems (see Chapter 2). Clinicians working in hospital settings and 
those who have ongoing relationships with paediatricians should advo-
cate for, and take every opportunity to advocate for, early referral of 
functional disorders to appropriate mental health clinicians (Tot-Strate 
et al. 2016; Garralda 2016).
Setting Things Up in Psychological Medicine 
or the Mental Health System: Principles 
Concerning the Mental Health Clinician 
and Mental Health Setting
Principle 3: Maintaining a Systems Perspective
Thinking systemically about the problem of functional somatic symp-
toms involves ‘thinking in terms of relationships, patterns, and contexts’ 
(Capra and Luisi 2014, p. xii). The activation and dysregulation of the 
child’s stress system, along with the emergence of functional somatic 
symptoms, occur in the context of interactions between the child (her 
body, brain, and mind) and the world outside (her experience of, and 
interactions within, the home, school, and broader sociocultural con-
texts)—interactions that Hans Selye referred to as the stress of life (Selye 
1956) (see Online Supplement 1.2). In this context, the clinician needs 
to be able to hold in mind different system levels and the relationships 
between them. Rather than focusing on the symptoms(s) and treating 
the symptoms per se, with each new patient the clinician is challenged 
to identify and address the specific areas of dysfunction—on the body, 
individual, family, school, and social-system levels—that contribute to 
stress-system activation and dysregulation. In this way, the treatment may 
potentially involve interventions that engage and target all these system 
levels. While each intervention on its own will effect only a small change 
within the stress system, multiple targeted interventions across system 
levels will achieve considerable change. In addition, because components 
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within the stress system are interrelated and interconnected, change in 
one component can lead to changes in other components—what are 
sometimes referred to as ripple effects (Guite et al. 2012).
See Online Supplement 13.1 for the many different terms have been 
used to describe this broader (systemic) way of working with children 
and their families and for published case studies using the systems 
approach to treatment.
Principle 4: The Goal of Treatment Is to Re-establish 
Regulation, Harmony, and Coherence Within  
the Child’s Stress System
Principle 4 follows on directly from Principle 3. Clinicians who work 
with functional somatic symptoms using a systemic perspective see the 
overarching goal of the therapeutic intervention as helping the child to 
re-establish regulation, harmony, and coherence within her stress system, 
enabling the functional somatic symptoms to resolve (see Fig. 13.1). Put 
simply, the clinicians are treating a system—the child’s stress system and 
all the factors that activate the stress system—and not the symptoms per 
Fig. 13.1 Treatment and healing depicted using the circles metaphor of the 
stress system. With appropriate interventions, a dysregulated stress system that 
supports and generates functional somatic symptoms shifts to a regulated stress 
system that supports health and well-being (© Kasia Kozlowska 2017)
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se. If all goes well, the child will develop an increased capacity for man-
aging stress and distress; nurturing relationships will have been strength-
ened; the family will have made changes that support health and the 
child’s well-being; and the stress in the family, school, and broader social 
environment will have been resolved. The overall result will be to build 
the child’s resilience and to buffer her from future stress.
Principle 5: Establishing a Multidisciplinary Team 
to Work with the Child and Family
A multidisciplinary team is formed to enable the implementation of a 
therapeutic intervention on multiple system levels. Because the inter-
ventions at different system levels involve different skill sets, the treat-
ment team for the child with functional somatic symptoms typically 
includes a diverse range of professionals who work together in a coor-
dinated way. In the inpatient setting where the first author (KK) works, 
the multidisciplinary team always consists of a psychiatrist, a clinical 
psychologist, a physiotherapist, a paediatric resident on rotation, nurs-
ing staff from the ward, and school staff from the hospital school. When 
the need arises, an occupational therapist, neurologist, or paediatrician 
will also join the team.
Principle 6: Begin the Treatment Process 
with Interventions That Target the Body,  
and Move On to Interventions That Target  
the Mind and the Family System
Because the child presents with symptoms that pertain to the body, 
both the child and family usually find it easier to become engaged in 
the treatment—which will eventually reach multiple systems—when 
the clinician begins with an intervention targeting the body system. For 
example, in the first author’s program, the interventions implemented 
first include stabilization of sleep, mind-body interventions designed 
to ameliorate the child’s physical well-being, physiotherapy to address 
functional neurological symptoms or to build resilience, and attendance 
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at the hospital school. Once the child’s symptoms have been stabi-
lized to some degree—and everyone can see that the child’s physical 
 well-being is on the mend—both the child and family find it easier to 
move on to interventions at the mind and family system levels (see, for 
example, the vignette of Paula in Chapter 3). Using family systems par-
lance, this is a strategic systemic approach in which the clinician begins 
with interventions on a system level that is more intuitive and accept-
able for the child and family and then moves to system levels that are 
more challenging.
Principle 7: The Goal of Treatment Is a Return  
to  Health/Well-Being and Normal Activities
For clinicians working with children, the goal of treatment should be 
a full return to health (for outcome data see Online Supplement 2.1). 
This principle is stated explicitly because the situation is different in 
adult practice, in which chronic functional presentations are more com-
mon and in which the probability that the symptoms will fully remit is 
lower. Clinicians working with adults often focus on helping the patient 
accept the illness; they support the patient in engaging in treatment to 
modify the symptoms to some degree; and they support the patient to 
accept that she or he may have to continue living with some degree of 
disability. By contrast, clinicians working with children should focus on 
getting the child well. In other words, in working with children, the cli-
nician should voice the expectation that the treatment will enable the 
child to shift her stress system from defensive to restorative mode and 
that her functional somatic symptoms will resolve. During the treat-
ment process, the child will begin the process of resuming her normal 
activities and should expect, with time, to return to a state of health and 
well-being. Of course, if there are comorbid chronic health concerns or 
unresolvable predicaments that cannot be modified, this expectation 
about returning to full health may itself need to be modified. In such 
scenarios the working goal may be a return to the child’s previous level 
of function and activities, or alternatively, to her best possible level of 
function.
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Principle 8: Understanding and Managing Attention 
Plays a Central Role in Achieving and Maintaining 
Progress Across System Levels and Across Treatment 
Interventions
Attention to functional somatic symptoms amplifies such symptoms, and 
attention away from the symptoms diminishes them (see Chapter 12). 
In this context, careful management of attention is a key element across 
all treatment components during the treatment intervention. In the first 
author’s Mind-Body Program, the change in focus of attention is reflected 
in the very structure of the program (Kozlowska et al. 2012). Parents are 
asked to give the child space by absenting themselves from the hospital 
during the daytime hours that the child is engaged in the program. In 
this way, parents no longer attend to the child’s symptoms day in and day 
out. Instead, the child is helped to attend to normal daily activities such 
as attendance at school and to activities that take place in physiotherapy 
and psychotherapy sessions. Likewise, the transition from assessment to 
treatment involves a shift in the focus of attention: the clinician shifts the 
focus of attention away from the symptoms to the mind-body strategies 
that the child is learning to use in managing the symptoms and also to 
the goals pertaining to functional gains (e.g., getting up in the morning, 
walking for longer distances, and going to school). For this attentional 
component of the intervention to work, parents must likewise learn (as 
part of the family-level intervention) to shift their attention away from 
the symptoms, to focus on supporting the child in implementing her 
new mind-body strategies, and to attend to the factors within the family 
system contributing to the child’s symptoms. Likewise, the management 
of attention is a key component of physiotherapy (Gray et al. 2020) (see 
vignette of Jai in Chapter 15).
Principle 9: Clinicians Need to Remain Adaptable, 
Flexible, Creative, and Open to New Information
Openness and adaptability to new information are important for pro-
fessionals working with functional somatic symptoms; the current 
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knowledge base is limited and ever evolving, and all current models and 
theories reflect approximate truth (Capra and Luisi 2014).
Meeting the Family and the Engagement 
Process: Listening to the Story, Co-constructing 
a Formulation, Treatment Planning,  
Setting Expectations, and Agreeing  
to a Treatment Contract
Principle 10: Establishing a Therapeutic Relationship 
with the Multidisciplinary Team
Establishing a therapeutic relationship with the child and family is fun-
damental. A solid relationship enables the child’s parents to give their 
unqualified approval (consent) to the treatment intervention (thereby 
giving the child explicit permission to be open and honest in her indi-
vidual work); it bolsters the parents’ effort to support the child through-
out the treatment process (especially when the going gets tough); and 
it enables the clinician to address parental and family behaviours and 
factors that contribute to the child’s illness. In building a therapeutic 
relationship, the clinician continues the process of solidifying the secure 
base—as initially set in motion by the paediatrician (see Chapter 2)—
that is a prerequisite for a successful therapy intervention.
When parents and the child with functional somatic symptoms con-
nect emotionally with the clinicians who make up the treatment team, 
anxiety within the family system settles to some degree. This settling 
of anxiety facilitates the parents’ regulation of their own body states—
the degree to which their stress systems are activated—and increases 
the probability that the parents will be able to support their child and 
efforts to settle the child’s stress system.
A good therapeutic relationship also promotes positive and playful 
interactions between the child, family, and treatment team. Positive 
interactions work to counteract the defensive body state in which the 
child finds herself. In this way, positive interactions contribute to the 
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neurophysiological conditions that Stephen Porges refers to as the neural 
platform—the range of body states underpinning better regulation and 
associated with health and well-being (Porges and Furman 2011).
Principle 11: Using a Working Formulation to Hold 
in Mind Information from Different System Levels
The formulation—the creative synthesis of a clinical case—draws on 
elements from all system levels, including the child’s stress system, 
the child’s mind, interactions between the parent and child, the con-
tribution of the family, and experiences in the school context (Ross 
2000; Winters et al. 2007). As we saw in Chapter 3, the formulation 
is co-constructed: it is worked out collaboratively in the conversation 
with the child and family during the assessment process. In this way, 
the formulation is a story that integrates, in chronological order, all the 
factors that contributed—and that currently contribute—to the child’s 
functional illness and her clinical presentation. It is unique and specific 
to a child and her family. The formulation is always a working formula-
tion; that is, it is modified during the treatment process as the clinician 
learns more about the child and family, and as trust is established and 
the family becomes more willing to reveal more about themselves and 
about their understanding of the factors that contributed to the child’s 
presentation. In this way, as with all working hypotheses, the formula-
tion is updated and changed—by the clinician and family members—as 
new information comes to light.
Principle 12: Use the Formulation to Guide  
the Choice of Treatment
In collaboration with the child and family, the clinician uses the for-
mulation to guide the choice of treatment strategies, techniques, and 
interventions to promote change on the body, brain, mind, behavioural, 
family, and school and social-system levels. The process of implementing 
the multifaceted intervention involves the specific strategies, techniques, 
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and interventions that are implemented—by the child, family, school, 
and clinical team—on each of those separate system levels. Each inter-
vention is chosen because it targets a problem area identified in the 
co-constructed formulation (see the case of Paula in Chapter 3), because 
it represents a nodal point for intervention (see below), or because it 
is seen as essential to health and well-being, both now and in the long 
term. See Online Supplement 13.1 for published case examples as to 
how the formulation is used to guide the choice of treatment.
Principle 13: Identify Nodal Points for Intervention 
and Achieving Change
The notion of nodal points of change is helpful when the treatment 
involves interventions that engage and target multiple system levels. 
Nodal points are interventions that result in a greater degree of change 
than others or are so fundamental that without them, the desired pro-
gress will not be achieved. Understanding the nodal points for any 
particular patient not only facilitates the choice of treatment but helps 
the clinician (and family) decide the temporal order in which the inter-
ventions will be implemented. For example, interventions that stabi-
lize sleep—the circadian clock—are powerful because the circadian 
clock regulates all the components of the stress system, and regulation 
of the circadian clock is likely to increase coherence of the stress sys-
tem as a whole. Good sleep also increases the child’s capacity to regu-
late more generally and to engage in positive interactions with others. 
Another example pertains to maltreatment. A child who continues to 
be exposed to ongoing maltreatment—for example, cyberbullying that 
involves texts telling her to kill herself or telling her that she is worth-
less and should die—will not be able to down-regulate her stress sys-
tem. Establishing safety is fundamental; other interventions cannot be 
expected to work until safety had been established. Yet another example 
pertains to a good diet. Maintaining the health of the gut microbiota 
is essential to the health and well-being of the individual because the 
microbiota lives in symbiosis with humans and works together with the 
human body to maintain life processes (see Chapter 10).
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Principle 14: Engage Hope and Positive Expectations 
at Assessment and Throughout the Treatment Process
The expectations and hopes that the clinician voices to the child and fam-
ily—about the positive expectations for a successful outcome, about how 
the therapy achieves its results and how it will help the child to build her 
skills in managing her symptoms, and about the family’s crucial role in 
supporting the child—are important because they function to activate the 
placebo effect in both the child and the family. Positive expectations and 
the placebo effect increase the likelihood that each component of the treat-
ment program will have its maximal benefit (Benedetti 2011a, b, 2013). 
Because engagement of positive expectations is both a principle and an 
intervention, it is further discussed in Chapter 14.
Principle 15: Agree to a Treatment Contract  
Before Treatment Begins
The contract outlines expectations, roles, and responsibilities for the 
child, parents, and family, as well as for the treating team. It also defines 
expectations about the treatment intervention itself, the issues that will 
be addressed in the current intervention, and the issues that may need 
longer-term work with a different clinician or clinical team. The contract 
establishes a common understanding of, and agreement concerning, the 
key ingredients needed for change. It also minimizes the likelihood that 
the child and family will encounter unpleasant surprises about the treat-
ment process—which is especially important since the program is chal-
lenging, demanding, and confronting for both the child and the family. 
For example, it is helpful for parents to know upfront that the child will 
be attending her physiotherapy sessions, her psychotherapy sessions, and 
the hospital school on her own, without the presence of a parent.
If the family does not want to agree to the contract, if parents want 
to try providing treatment at home, or even if they change their mind 
about the treatment intervention midway, then the family can decline 
the intervention or withdraw the child from the program, and set up 
elsewhere (if at all) their own preferred way of working. The family 
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always has the option of re-engaging with the program—with its par-
ticular structure and expectations—at some future time.
The Treatment Process: Effecting Change, 
Returning to Normal Function, and the Longer 
Journey to Maintain Health and Well-Being
Principle 16: The Treatment Is the First Step  
in a  Longer-Term Process of Maintaining  
Health and Well-Being
Early during the treatment process for functional somatic symptoms, 
it can be useful to highlight that the treatment intervention offered by 
the clinical team is just the first step in a longer journey of maintaining 
health and well-being. That journey may involve ongoing therapeutic 
work on different system levels—individual, family, school, and so on. 
Common elements that need integration into the home routine include 
regular sleep and exercise, healthy eating, ongoing therapy for anxiety 
or depression, acquisition and maintenance of stress-management skills, 
improvement of family communication skills (e.g., via a family inter-
vention), and system interventions that ensure resolution of ongoing 
stress in the family, school, and peer contexts. Ongoing attention to all 
these risk factors will build resilience, decrease the likelihood of relapse, 
and increase the probability of long-term health and well-being.
Principle 17: For the Treatment Intervention to Work, 
Everyone—Child, Family, and Multidisciplinary  
Team—Needs to Be Pushing in the Same Direction
All members of the multidisciplinary team, all members within the 
family unit (including, insofar as possible, grandparents and extended 
family), and all members of the school team need to share the formu-
lation and support the treatment process. This same principle applies to 
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interventions that take place within a health facility and those that take 
place in the community setting. In either setting, regular meetings and 
a written, updated treatment plan can be important tools in support-
ing a common understanding and in helping everyone involved in the 
child’s care to push in the same direction. For example, an intervention 
will not work if the child’s parents are supporting the child to complete 
her exercise program and her grandparents are simultaneously telling her 
that she should rest because her legs do not work normally and because 
she has pain and experiences fatigue.
Principle 18: Normal Activities Are Both  
the Treatment and the Goal
Many families hold the idea that the treatment process will first involve 
resolution of the child’s symptoms and, second, resumption of normal 
activities. When treating functional somatic symptoms, resumption of 
normal activities—sometimes in a graded fashion—is part of the treat-
ment itself, and this aspect of treatment begins alongside and at the 
same time as other interventions. As part of the conversation with the 
child and family, the clinician may also communicate that some symp-
toms—for example, pain, nausea, and fatigue—will typically resolve 
only after the child has been engaging in her normal activities for some 
period of time.
Principle 19: Promote Predictability, Control,  
and Mastery for the Child
The goals of predictability, control, and mastery (from the child’s per-
spective) should guide the choice of treatment interventions alongside 
the specific areas of dysfunction identified by the clinician. Interventions 
that contribute to these goals promote health and  well-being because 
they function to settle the stress system as well as to minimize activa-
tion of psychological processes on the mind system level that appraise the 
treatment intervention as threatening (see Chapter 12).
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Principle 20: Self-Management Is Key to the Child 
Maintaining Stable, Long-Term Regulation  
of the Stress System
A crucial factor in recovery is the child’s willingness—with the sup-
port of her parents—to work on mind-body strategies that enable her 
to down-regulate the stress system and, more broadly, to improve her 
capacity for neurophysiological regulation. Fundamentally, the child 
is the only person who can, moment to moment—on waking up, 
at school, on coming home, and so on—implement the mind-body 
strategies that will help her to settle her stress system and to shift it 
from defensive to restorative mode. Without the child’s cooperation 
and engagement, no one can accomplish this change in body state. 
Consequently, there is much to gain in giving the child the choice as 
to which mind-body strategies she enjoys and therefore wants to prior-
itize in her treatment plan. Creativity, along with respect for the child’s 
choices, results in a treatment program that is shaped—and owned—by 
the child. And when these efforts to regulate and to manage her own 
body meet with success, it promotes a sense of control, mastery, and 
motivation, which are essential for long-term progress and stability (see 
Principle 19). This approach is consistent with data from the pain litera-
ture suggesting that increases in children’s readiness to self-manage pain 
are associated with decreased functional disability, depressive symptoms, 
and fear of pain, and with increased use of adaptive coping strategies 
(Walker et al. 2006).
***
In this chapter we have highlighted the overarching considerations that, 
under the stress-system model, structure and guide the treatment of 
children with functional somatic symptoms. We have also presented, in 
particular, some of the key principles that we, as clinicians, find helpful 
when working with these children. When colleagues ask for help with 
specific cases, we often find it useful to bring these principles to bear 
on the clinical situation. And when the going gets tough in our own 
clinical work, we often return to these principles to potentially realign 
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our efforts and to check that we have not omitted some key element 
that could help the child and family back toward a path of health and 
well-being. In this way the principles function as a map that can be 
used to guide the treatment process or that provides guidance when the 
going gets tough.
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Abstract  From the perspective of the stress-system model, the  treatment 
of functional somatic symptoms involves a system-level approach. The 
factors that contribute to stress-system dysregulation and the emer-
gence of functional somatic symptoms operate, both proximally 
and over longer periods, on different system levels: body, mind, attach-
ment and family relationships, academic expectations, and interac-
tions and relationships at school with other children, teachers, and 
even health professionals. The treatment program will therefore require 
a multi-levelled, systems approach that is designed to meet the spe-
cific, but diverse, needs of each particular child and the family. In this 
way, the mental health clinician or, more usually, the clinicians that 
make up the multidisciplinary team work with the child to implement 
interventions on the body and mind system levels; with the family to 
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implement interventions on the family system level; with the school to 
implement interventions on the school system level; with health staff to 
implement changes in the medical system; and so on. In this chapter we 
describe some of the treatment interventions that involve working with 
the child on the body and brain system level—what we call working 
from the bottom up.
Assessment leads into treatment. During the assessment process the 
mental health clinician (or more typically, the multidisciplinary team), 
the child (including adolescent), and family have worked together to 
co-construct a formulation, the story that integrates, in chronological 
order, all the factors, on multiple system levels, that contributed to the 
child’s functional illness and her clinical presentation (see Chapter 3). 
Now the clinician uses the formulation to guide the choice of treatment 
strategies, techniques, and interventions to promote change. When 
working with children with functional somatic symptoms, the treat-
ment starts with the body.
Bottom-Up Interventions and Regulation 
Strategies That Involve the Body System Level
In the broader literature, interventions that target the body system level—
bottom-up regulation approaches—are also known as  body-oriented, 
somatic, body mindfulness, bottom-up mindfulness, or biofeedback inter-
ventions (Bloch-Atefi and Smith 2015). Many of these approaches involve 
working with the felt sense of the body, in which attention is focused on 
body sensations. Attending to the felt sense of the body—the somatic or 
body narrative (Sharpe Lohrasbe and Ogden 2017; Levine et al. 2018)—
is a skill that the child can practice with the guidance of a therapist or 
instructor. The child learns to attend to body sensations and learns to fol-
low them. In this context, think of the rapidly evolving sensations that 
occur when drinking something with a lot of fizz, or the slow, repeat-
ing sensations in the nose, chest, or abdomen that can be felt with each 
breath.
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The Neurobiology of Bottom-Up Interventions
Attention to body sensations involves activation of autonomic, intero-
ceptive, proprioceptive, and classic sensory afferents. The activation of 
these afferents then influences the pattern of activation in three separate 
brain regions: subcortical regions that underpin homeostasis, arousal, 
and pain; cortical brain regions that are part of the limbic system 
(which also process information about homeostasis, arousal, pain, and 
emotional states); and temporal lobe regions that process internal rep-
resentations about the self (Guendelman et al. 2017).
Currently available studies pertaining to programs implementing 
bottom-up interventions show that they result in neuroplastic (heal-
ing) changes in brain regions involved in processing body state and 
representations of self (see above). These interventions do not effect 
changes in regions of the prefrontal cortex that engage in top-down reg-
ulation of emotion via cognitive processes or changes in thinking and 
understanding (Guendelman et al. 2017). An example of a bottom-up 
intervention is Mindfulness-Based Stress Reduction (MBSR), a pro-
gram that involves close attention to moment-to-moment experience, 
shifts in attention from one sensory modality to another, a body scan 
with attention to the transient nature of sensory experience, and vari-
ous forms of meditation (breathing, eating, walking) (Goldin and Gross 
2010; Kabat-Zinn 1990). In this book, for simplicity—and because 
of the need to use simple language when talking to children—we use 
the expression brain stress systems to refer to the complex network of 
regions involved in homeostasis, processing of information about body 
state, and responding to stress or threat (see Chapter 11 and Online 
Supplement 11). In this way, when bottom-up regulation strategies are 
implemented successfully, they facilitate a shift in body state and brain 
stress-system activation (reflected in biomarkers).
As we mentioned above, an important element of bottom-up regula-
tion strategies is that they do not engage the prefrontal cortex and corti-
cal regions that are usually implicated in top-down emotion regulation 
(Guendelman et al. 2017). They work directly with the body and do not 
require the child to use language, to be able to manipulate cognitions, 
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or to have access to memory or cognitive information about stress or 
past events. Although interventions on the body system level do not tar-
get the mind system level per se, there are important ripple effects (see 
Chapter 13): the child increases her sense of mastery and control as 
she learns to observe and manage her body states and as she becomes 
increasingly more competent in averting states of incoherence, dysreg-
ulation, and dis-ease—for example, fainting episodes,  non-epileptic sei-
zures (NES), and exacerbations of pain—and in bringing about states of 
coherence, regulation, and well-being.
Begin the Treatment Process with Interventions  
That Target the Body
Bottom-up regulation approaches have particular utility in treating 
functional somatic symptoms. These approaches to regulation have an 
inherent acceptability for children and their families. Since the child 
is presenting with symptoms in the body, it seems natural to the child 
and family that treatment should start with the body. In this way, in 
day-to-day clinical practice, beginning the treatment intervention with 
bottom-up regulation approaches helps consolidate engagement and 
trust, and functions as a safe bridge that enables the child and family to 
move toward exploration of psychological issues that may also need to 
be examined and addressed. Interventions on the body system level can 
be used by the child to help decrease activation and dysregulation of her 
stress system—that is, to shift the stress system from defensive to restor-
ative mode. If the child is able to shift her stress system from one mode 
to the other, then the neurophysiological conditions that support the 
production of functional somatic symptoms are no longer present, and 
the child’s functional somatic symptoms should resolve.
Bottom-up interventions also provide a way of moving forward 
in circumstances where progress might otherwise be difficult: when 
the family is not yet ready to address other factors that contribute to 
stress-system activation and dysregulation; when factors that contribute 
to stress-system activation and dysregulation are beyond the capacity of 
therapy to address (e.g., death of an attachment figure); when meaning 
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making is difficult or impossible; when meaning making may poten-
tially cause harm (see Online Supplement 12.1 about meaning making); 
or when the child’s level of activation is so intense that any attempts to 
use a talking therapy or cognitive strategies are likely to fail because the 
child’s prefrontal cortex (along with her executive and  problem-solving 
skills) is unlikely to be functioning properly (Hermans et al. 2011; 
Arnsten 2015). Because somatic interventions help the child to regulate, 
they help the child to shift her body toward what Daniel Siegel (1999) 
refers to as the window of tolerance—in which arousal is neither too high 
nor too low—and what Stephen Porges refers to as the neurophysio-
logical conditions, or neural platform, required for the child to utilize 
talking, cognitive, or interpersonal interventions (Porges and Furman 
2011). Likewise, somatic interventions may be the only way forward 
to achieve regulation and well-being when working with children and 
families who have a frank aversion of psychological interventions; in such 
cases, adherence to treatment interventions that involve a large psycho-
logical component seems improbable.
How to Integrate Bottom-Up Interventions  
into the Treatment Program
Within the treatment program, bottom-up interventions on the body 
system level are used in two different ways. When such interventions are 
integrated into the child’s daily routine, the child is learning, through 
regular repetition, a means by which she can improve the regulation 
of her stress system. They can also be used as part of the child’s safety 
plan (see below)—emergency strategies or stop-break strategies—to 
interrupt the somatic sequence of activation that occurs in advance of 
episodic functional somatic symptoms such as fainting, NES, or sud-
den exacerbations of pain, or that is associated with hyperventilation 
or panic attacks. Initially, the child practices these emergency strategies 
multiple times every day—to hone the skills of implementing them—
and she subsequently uses them preventively when she senses the spe-
cific changes in her body, her warning signs, that the somatic activation 
sequence has been activated (see later subsection ‘Tracking/Sequencing 
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Body Sensations’). Once the child has identified which bottom-up 
regulation approaches work for her, they become part of the child’s 
 mind-body toolkit (Kozlowska and Khan 2011).
Language for Talking About States  
of Body Activation with Children
When working with children we use the terms activated, revved up, 
switched on, aroused, and in defensive mode interchangeably to refer to 
the stress system or some component of the stress system being acti-
vated (too much) or dysregulated. In our clinical practice we choose 
words that best match the child’s presentation and that are appropri-
ate for the child’s developmental capacity and preference. For exam-
ple, younger children understand the term switched on and like to use 
it in relation to tracking somatic sensations such as autonomic symp-
toms of arousal (see Chapter 6), activation within the motor system (see 
Chapter 7), and activation of the pain system (see Chapter 9).
Interventions That Target the Body Itself
In this section we focus on interventions that target the body itself. The 
reader will see that many different interventions on the body system 
level can be integrated into the treatment intervention.
Stabilizing Sleep and the Circadian Clock
In Chapter 5, we saw that many children with functional somatic symp-
toms have a dysregulated circadian clock: unrefreshing sleep, sleep that 
is interrupted, sleep that is too long, or a circadian rhythm that is out of 
alignment with the earth’s revolutions around the sun. Because the cir-
cadian clock coordinates activity and coherence in all other components 
of the stress system, the stabilization of sleep is often the first interven-
tion that is implemented on a body system level (see Chapter 5). For 
some children, improved sleep brings an immediate improvement in 
14 Treatment Interventions I: Working with the Body     299
subjective well-being, a decrease in the intensity or frequency of their 
somatic symptoms, and an increase in the child’s capacity to engage 
with other treatment interventions. While stabilizing sleep may involve 
a combination of bottom-up (e.g., use of toys that can be heated up 
to provide comfort [akin to a hot water bottle]), behavioural (sleep 
hygiene), brain-level (e.g., use of melatonin), and top-down (e.g., hyp-
nosis) interventions, we place the sleep intervention here because is it 
typically the first intervention—which children and families perceive 
as involving the body—that we implement with children and their 
families.
Documenting Somatic Symptoms on a Body Map
Given that sensations are difficult to communicate in words, the child 
should be encouraged to communicate to the clinician about them 
using non-verbal means, as by indicating colour, shape, or intensity 
(e.g., a light versus dark imprint) on a body map (see Fig. 14.1).
The body map intervention has multiple purposes.
• It ensures that no symptom has been missed.
• It enables the clinician to assess how skilled the child is at reading her 
body. Does she notice subtle changes in body state, or does she notice 
symptoms only once they have peaked? Does she notice the triggers 
that activate her body to produce her symptoms?
• The symptoms documented on a body map allow the child and ther-
apist to compare what the child’s body feels like when the child is 
activated versus when she is less activated—for example, after a relax-
ation exercise. This use of the body map to track a broad range of 
body states increases the probability that the child will be able to 
notice changes in body state—increases in activation—when these 
begin to occur.
• Some children find it helpful to depict their subjective experience 
of body state in this concrete fashion—the visual representation—
because it helps them hone their skills in recognizing certain body 
states, in noticing changes in body state (e.g., states of activation), 
and in gaining confidence that these skills are within their reach.
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• Bringing attention to body sensations is a key skill in bottom-up 
mindfulness techniques—for example, the body scan meditation, or 
meditation while focusing on the breath—and, more generally, in 
bottom-up regulation strategies (see below).
• Sequential body maps are a means of tracking the degree to which 
the child’s body has become less activated—shifted from defensive to 
Fig. 14.1 A child’s body map. The figure presents the body map of an 11-year-
old boy who presented with intermittent leg paralysis, fainting episodes, NES 
(which involved shaking of the entire body), and symptoms of dizziness, breath-
lessness, and fatigue. The body map shows his leg paralysis and his subjective 
experience of his body activating prior to the NES events (© Kasia Kozlowska 
2017)
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restorative mode—in response to treatment. These sequential maps 
are useful in marking treatment gains and in reinforcing the value of 
the program (e.g., ‘See how well you’re doing!’).
• The clinician can use the map as part of psychoeducation (see 
Chapter 15) to explain again the connection between the symptoms, 
stress, and activation of the stress system—thereby repeating for the 
child some of the information that was given in the family assess-
ment session. The process of drawing the body map also helps the 
child to feel understood in a tangible, embodied way.
Note that these maps are drawn and used as part of the child’s indi-
vidual therapy session, with the clinician using an interested, mindful 
stance that is very different from the anxious concern about symptoms 
and attention to symptoms that is typically shown by parents.
Tracking/Sequencing Body Sensations
Tracking somatic sensations—that is, identifying their occurrence—
and then determining their temporal order, or sequence, are impor-
tant tasks in some types of functional presentations, including 
 hyperventilation-related somatic symptoms, NES, and pain presenta-
tions (see Online Supplement 14.1 for the different paths that therapists 
have travelled in coming to understand the value of tracking/sequencing 
body sensations). If the child and clinician can establish the recurring 
sequence of sensations, the child can practice identifying the sequence 
in its early stages—what we call the warning signs—and then imple-
menting mind-body strategies that interrupt the sequence. The goal is 
to disrupt the sequence and to avert the functional somatic symptoms 
that otherwise would have resulted, as in the following vignette of Bella.
Bella, the 12-year-old girl presenting with NES whom we met in Chapter 
7, experienced her NES as very stressful because she felt like she had no 
control over what happened to her body. She felt helpless and hopeless; 
she worried about her NES all the time; and she gave into her symp-
toms whenever they began to unfold. Soon after admission, during a 
302     K. Kozlowska et al.
session with her psychologist, Bella was able to identify some of her 
warning signs: ‘spacing out’ and not feeling real; a change in the qual-
ity of auditory and visual stimuli; a cold feeling in the chest and stom-
ach; and feeling dizzy. In her next psychology session, Bella was able, with 
the guidance of her therapist, to implement a self-regulation  strategy—
slow breathing combined with images of safety and calm—when she 
first noticed the warning signs. In this way, she interrupted the pattern 
of activation and was able to avert the NES. Bella was excited by her 
achievement, and the therapist—together with the entire mind-body 
team—celebrated the achievement with her during ward rounds the 
next day. From a position of increasing competence, Bella now expected 
that if she practiced her regulation strategies, she would be able, in 
time, to manage her NES. In parallel, Bella’s parents, rather than focus-
ing on the NES per se, began to focus on the way that Bella was able 
to notice warning signs and to implement strategies that averted them (a 
 focus-of-attention intervention with the family). Both her parents and the 
family system as a whole became less anxious and more regulated. As a 
consequence of her hard work—noticing her warning signs and imple-
menting her strategy immediately—Bella’s NES decreased in frequency 
and length, and then ceased altogether.
The following vignette, while similar in overall outline to the one 
above, illustrates the challenges of identifying the sequence of precur-
sor symptoms and then developing an intervention that interrupts the 
sequence leading to the NES.
We first met Evie, a 15-year-old girl, in Chapter 2. As later discussed 
briefly in Chapter 12, her NES were triggered by acute chest pain (precor-
dial catch syndrome ), with the pain being so sudden and so distressing that 
she had no time to implement a regulation strategy. When the symptoms 
were tracked more carefully, however—that is, when the therapist asked 
Evie to track what happened in her body before the pain started—a regu-
lar sequence emerged. First, Evie felt a difference in temperature. She felt 
hot on the inside and cold on the outside. This change in temperature 
is consistent with sympathetic arousal, which causes increased energy use 
on the inside (feeling hot) and an increase in perspiration (feeling cold 
on the skin). Second, Evie experienced numbness and tingling in her left 
arm, blurring of vision, and shortness of breath—what she described as 
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‘I can’t breathe.’ All these experiences are common symptoms of hyper-
ventilation, the stress-related activation of the respiratory motor system 
and skeletomotor muscles in the chest. Hyperventilation had previously 
been documented in all of Evie’s presentations to accident and emergency. 
Third, alongside the symptoms of hyperventilation, Evie experienced a 
burning and lump sensation in her throat—consistent with a tension pat-
tern in skeletomotor muscles that make up the top third of the oesoph-
agus—what is commonly known as a globus sensation. Sometimes this 
sensation was accompanied by a burning sensation or an odd taste in the 
mouth, presumably related to decreases in saliva secretion resulting from 
sympathetic activation. Fourth, only at this point in the sequence would 
Evie begin to experience the chest pain—starting initially at a  low-grade 
level of 3/10. Presumably, the chest pain reflected the progression of ten-
sion patterns of muscles and fascia within the mediastinum—what is 
referred to as precordial catch syndrome (see Chapter 2). Fifth, the pain 
would then rapidly progress in acuity, and any rating of > 5/10 would 
be unbearable. Sixth, this unbearable, > 5/10 pain would then trigger an 
NES. With practice, Evie found that if she could intervene with a regu-
lation strategy (in her case a visualization strategy) in the early phases of 
the sequence—when the feelings of heat and cold, the globus sensation, 
the feeling of breathlessness, or the tinging in her arm or blurred vision 
first emerged—then she was able to avert the subsequent phase of the 
sequence. If she did not intervene early, the sequence would then inescap-
ably progress to the chest pain and to an NES.
The Body Scan
The body scan was introduced into Western clinical practice by Jon 
Kabat-Zinn, a professor of medicine who studied Buddhist prac-
tice under Zen Buddhist teachers (for early references and history, see 
Online Supplement 14.1). The body scan is a bottom-up mindfulness 
exercise that involves the child sitting or lying in a comfortable position 
and slowly placing attention on various regions of the body, from the 
feet to the head. The child is guided by a therapist or, if the exercise 
is done in a group, an instructor, and audio recordings are also availa-
ble for guidance. The body scan can be practiced at various speeds and 
levels of precision, all with ‘affectionate, openhearted [and] interested’ 
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attention to the body (Kabat-Zinn 2005, p. 250). For children who 
enjoy movement or who find it difficult to stay still, an alternative to 
the body scan is to pay careful attention to the body during move-
ment—for example, during a walking meditation or in the practice of 
Qigong—so that the movement is carried out in a conscious and delib-
erate manner. Another possibility is to engage them in group activ-
ities that involve synchronized movement. For a further discussion of 
 Kabat-Zinn and the body scan, see Online Supplement 14.1.
In adults, mindfulness interventions based on Kabat-Zinn’s MBSR 
program (Kabat-Zinn 1990)—which includes bottom-up interventions 
such as the body scan—have been found to down-regulate various com-
ponents of the stress system: the hypothalamic-pituitary-adrenal (HPA) 
axis, autonomic system, immune-inflammatory system, pain system, 
and brain stress systems. For references see Online Supplement 14.1.
Slow-Breathing Interventions
Slow-breathing interventions, which have a long history in Eastern medita-
tive traditions, are used in some biofeedback techniques and are integrated 
into most relaxation exercises. Slow-breathing interventions build on the 
human ability to control respiratory rate via skeletomotor muscles in the 
diaphragm and the intercostal muscles in the chest wall (Russo et al. 2017). 
A healthy inhalation pattern involves contraction (downward movement) 
of both the diaphragm and intercostal muscles, which work together to 
increase the size and decrease pressure within the chest cavity, enabling air 
to move into the lungs. Quiet expiration is a passive process that occurs 
when the muscles relax. Forceful expiration is an active process in which the 
abdominal and intercostal muscles work together to push the abdominal 
organs up against the diaphragm, thereby decreasing the size of the chest 
cavity, increasing pressure within it, and pushing air out of the lungs.
Because of coupling between the autonomic and respiratory motor 
systems (see Chapter 7), along with the interactions between the 
 autonomic system and other components of the stress system—brain 
stress systems, immune-inflammatory system, and pain system—breath-
ing at a slow rate is associated with myriad neurophysiological changes. 
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Key changes include increased vagal tone to the heart, increased neuro-
physiological coherence, down-regulation of energy-regulation systems, 
decreased energy use, down-regulation of brain stress systems, decreased 
subjective pain, and increased subjective well-being (for references see 
Online Supplement 14.1). In this way, slow-breathing interventions can 
be used as part of the child’s daily routine to down-regulate the stress 
system and improve the child’s overall health and well-being. In some 
children, slow-breathing interventions are also a useful stop-break inter-
vention that the child can use to interrupt patterns of increasing arousal 
and motor activation that lead to panic attacks, fainting episodes, NES, 
or acute exacerbations of pain (Kozlowska et al. 2018).
Theoretically, formal assessment of the breathing rate that is associ-
ated with the highest vagal tone, also known as the resonant-frequency 
breathing rate (Lehrer et al. 2000), is helpful. This assessment can 
be done using biofeedback devices. The resonant-frequency breath-
ing rate—usually around 6 breaths per minute in adults and 5–8 
(median = 7) breaths per minute in children and adolescents (Richard 
N. Gevirtz, unpublished data)—is associated with the maximal heart 
rate variability, optimal baroreflex function, optimal gas exchange in the 
lungs, and coherence across body systems (Lehrer 2013; McCraty and 
Zayas 2014). This synchronization effect is also referred to as harmonic 
coupling between heart rate variability, respiration, blood pressure, and 
blood flow to tissues (Paccione and Jacobsen 2019). In clinical practice, 
however, children who present in a very activated state—with resting 
breathing rates that can be as high as 25–50 breaths per minute—can 
rarely achieve their resonant-frequency breathing rate. In this context, 
the child and clinician have to work with the lowest breathing rate that 
the child can achieve and comfortably train at. The option to formally 
measure the child’s resonant-frequency rate and to make further gains 
from the slow-breathing intervention may be more achievable after the 
child has been able to achieve breathing rates within a normative range 
(Fleming et al. 2011) and after the child’s skills for slowing down the 
breathing rate have improved (see, e.g., Chandra et al. [2017]).
The simplest way to achieve slow breathing is to have the child lying 
down on a mat on the floor with a paper cup or a toy on his or her 
abdomen, which enables both the child and the therapist to observe its 
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movement. The clinician then counts slowly while the child breaths in 
through the nose and breathes out through the mouth. Theoretically, 
expirations should be longer than inspirations, but in reality, slow 
breathing that has a nice continuous rhythm (vs. jerky breathing) 
and that uses the diaphragm as the main muscle of breathing (so that 
the cup moves up and down in a smooth fashion) is a substantial 
 achievement. Other techniques and resources for achieving diaphrag-
matic breathing, which readers can try out for themselves, are described 
elsewhere (see Online Supplement 14.1).
Alternatives to Breathing Interventions
Not all children can use breathing interventions. Sometimes the child is 
too young, and sometimes putting the focus on attention on the breath 
is activating; it increases the breathing rate and the probability of hyper-
ventilation or a panic attack. Alternatives to the slow-breathing inter-
vention include humming, bee breathing (see Online Supplement 14.1), 
and use of the voo sound (Brown and Gerbarg 2005; Levine 2010). 
These techniques utilize the long, extended breath and activation of 
vagal afferents (from the vibration) to up-regulate vagal nerve function, 
thereby down-regulating autonomic arousal.
Grounding Interventions
Grounding interventions are used with children to help create ‘a felt 
sense of connection to the ground’ (Ogden and Fisher 2015, p. 18) 
and a sense of physical presence in the here and now. Grounding inter-
ventions include a body-focused activity coupled with attention to the 
felt sense of that activity. For example, the child may focus on the felt 
sense of heat, pressure, or movement associated with the activity (e.g., 
the feel of the breath moving when a hand is placed over the heart or 
over the belly) or the felt sense of the connection between the child’s 
body and the outside world (e.g., the sensation associated with having 
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one’s feet placed firmly on the ground). In this way, grounding inter-
ventions help the child feel physically present, solid, centred, balanced, 
contained, connected to herself, and, in particular, connected to her 
body in the here and now (Ogden et al. 2006; Ogden and Fisher 2015; 
Jackson 2017). Commonly used grounding interventions also include 
feeling one’s feet on the ground (which can be accentuated by having 
patients stomp their feet, massage their legs, or shift the body’s weight 
to the toes, heels, and sides of the feet), feeling the chair pressing on 
one’s back, feeling the firmness of the wall with one’s hands, savouring 
the feel of cool water on one’s face, noticing the colours of objects or 
the smells in the room, or noticing the feel and weight of a ball that is 
thrown from hand to hand or from child to parent and back. Mindful 
attention to an experience—for example, holding ice—is a useful emer-
gency strategy that can be used as part of the child’s safety plan (see 
Chapter 16).
Because grounding interventions are very concrete and can be imple-
mented at any time in any context when working with children with 
functional somatic symptoms, they are useful early in the treatment pro-
cess. Grounding strategies help the child hone her skills in shifting the 
focus of attention—for example, away from body states that she finds 
overwhelming or unmanageable, or from negative thoughts and feelings 
that activate the stress system. Grounding strategies can be added to the 
child’s emergency strategies for states of escalating arousal that involve a 
sense of disconnection and vagueing out—states that sometimes occur, 
for example, in the sequence of feeling states that precede fainting epi-
sodes or NES. In this context, the grounding intervention is used to 
interrupt the sequence and to avert the fainting event or NES. What the 
child does first is to lower herself to the ground—to make sure she does 
not fall—as soon as she notices the onset of her warning signs. While 
on the ground, she may then practice a simple grounding intervention, 
such as demonstrating her ‘capacity to direct somatic energy toward the 
ground’ (Ogden and Fisher 2015, p. 325), so as to feel safe and held. 
Later on, slow breathing, visualization, and other interventions can be 
added to this simple grounding exercise.
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Tensing the Muscles in the Legs
Tensing the large muscles in the legs (all together) in a rhythmical man-
ner at ten-second intervals can induce an increase in heart rate variabil-
ity (increase in parasympathetic activation) (Lehrer et al. 2009).
Tightening the lateral muscles of the thigh—the tensor faciae 
latae and the iliotibial tract—can be used to provide a sense of 
 self-containment (Selvam and Parker n.d.): in the standing position the 
child digs her heels into the ground and attempts to raise her legs to the 
side, or in the sitting position she tries to spread her thighs, while at 
the same time, pushing her knees together with her hands (see Online 
Supplement 14.1 for other physical strategies suggested by Selvam and 
Parker). Children who prefer physical strategies—rather than cognitive 
strategies—often like these particular interventions.
Progressive Muscle Relaxation
In progressive muscle relaxation the child lies down; then, working 
from feet up or head down, and guided by a therapist, instructor (in a 
group setting), or audio recording, she reduces muscle tension by tens-
ing a particular muscle group and then relaxing it. Most children can 
do this exercise; many enjoy it; and it is useful in helping the child to 
recognize what her body feels like when it is tense versus relaxed. Scripts 
for progressive muscle relaxation are widely available.
Completion of Self-Protective Motor  
Responses/Action Tendencies
Often when the child and therapist track body sensations, the child 
will report felt action tendencies—motor patterns that reflect the 
body’s preparation for action to protect and defend itself (see vignette 
below). For example, when tracking sensations associated with a mem-
ory, the child may report a tightening in the hands (the action ten-
dency that precedes the forming a fist and the action of hitting out 
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with the hand) or the tensing of a foot (the action tendency that 
precedes the action of kicking out with the foot). Inhibiting action 
tendencies is like  inhibiting negative thoughts and feelings—all of 
which can contribute to activation of the stress system (Pennebaker 
and Susman 1988). In this context, ‘completion of the body’s incom-
plete responses to protect and defend itself ’ can lead to symptom 
relief (Levine and Kline 2007, p. 419; Levine 2010). Completing 
motor responses is a key component of Peter Levine’s psychother-
apy approach, Somatic Experiencing (for more, see later subsection 
‘Trauma-Processing Interventions’). It is also used in the sensorimotor 
psychotherapy developed by Pat Ogden.
Betsy was a 13-year-old girl and a talented ballet dancer. She presented with 
NES in the context of cumulative stress: bullying at school, physical illness 
of her mother that needed hospitalization, illness of her father that needed 
hospitalization, academic difficulties, and difficulties in her relationship 
with her paternal grandmother. Amid all this stress, Betsy was most wor-
ried about her parents’ health and most hurt by what she perceived to be 
emotional rejection by her grandmother. In the middle of a discussion with 
the family about an upcoming birthday and a visit by her grandmother, the 
therapist asked Betsy to scan her body to identify the sensations she felt at 
that moment in time. Betsy identified a large painful area in her chest, a 
tightness in her jaw, a tensing in her hands (which began to shape them-
selves into fists as she spoke), and a tensing in the legs, which Betsy said, 
felt like kicking. The therapist asked if one of the legs wanted to kick more 
than the other. Betsy identified the right leg. The therapist then asked Betsy 
to allow her leg to kick, but to do this in slow motion, against the resist-
ance of a stuffed toy dog held by the therapist. After kicking in slow motion 
with the right leg and then the left—which Betsy did with immense force 
and precision, until the leg was fully extended—Betsy was asked to scan 
her body again. She reported that the painful area in her chest had gotten 
smaller and was less intense, that the tension in the jaw had dissipated, and 
that the impulse to strike out with the fist and the feet had gone. Betsy’s 
parents, who had watched the intervention—and who were surprised by 
the extent of her movements (Betsy’s leg kicked so far that it touched her 
face)—reported that they had never realized the extent of the hurt that 
Betsy experienced in being rejected by her grandmother.
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Bottom-Up Mindfulness Practice
Many of the bottom-up regulation strategies mentioned in this sec-
tion involve a bottom-up mindfulness practice: the practice of attend-
ing to body sensations, whether pleasant or unpleasant, with a curious, 
open stance. Because some children enjoy these bottom-up mindful-
ness practices, they are able to integrate a bottom-up meditation into 
their daily routines. Common bottom-up mindfulness meditations 
involve meditation with a focus on the breath, meditation while system-
atically focusing attention on different parts of the body (body scan), 
attending to body sensations via self-touch to the chest, abdomen, or 
kidney-adrenal region, and exercises that change the colour or shape of 
pain (for resources see Online Supplement 14.1). In the Eastern tradi-
tion,  bottom-up mindfulness interventions also frequently involved the 
use of therapeutic touch by the healer. In Western practice, therapeutic 
touch is now being integrated into some forms of body-based psycho-
therapy (Yachi et al. 2018; Kain and Terrell 2018).
Regular Exercise
Voluntary regular exercise promotes regulation and coherence within and 
between multiple components of the stress system—the HPA axis, auto-
nomic nervous system, immune-inflammatory system, and brain systems 
underpinning pain, arousal, and emotional states—via many complex 
mechanisms that are progressively coming into focus through current 
research (for references see Online Supplement 14.1). Through its effects 
on the immune-inflammatory system, exercise also prevents chronic pain 
(see Chapter 9) (Leung et al. 2016). In addition,  exercise-induced alter-
ations of the gut microbiota have implications not only for the gut but, 
via a complex array of mechanisms, the health of the body as a whole 
(Mailing et al. 2019; Bastiaanssen et al. 2020). In this context, when 
implemented (in stages) early in the treatment process, exercise func-
tions as a key intervention for lowering arousal by modulating HPA-axis 
activity, the sympathetic nervous system, and brain systems underpinning 
pain, arousal, and emotional states. It also improves the child’s physical 
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resilience and day-to-day level of physical function. In the long term, 
regular exercise increases the child’s  whole-body health and resilience in 
response to stress. An exercise program should therefore be part of every 
child’s intervention, regardless of symptom presentation.
Because arousal increases during exercise—even though the  long-term 
goal and result of an exercise program is to decrease arousal—some children 
will need to start with gentle forms of exercise; otherwise, the sensations 
experienced during exercise may trigger panic or  trauma-related responses 
such as innate defence responses (Kozlowska et al. 2015). Likewise, in chil-
dren with chronic pain or with significant fatigue, exercise will need to be 
graded up slowly because it will, at least initially (see Fig. 16.1), exacerbate 
both pain and fatigue; the child will need to overcome this initial increase 
in symptoms in order to achieve the subsequent decrease in symptoms.
Physiotherapy
Children with functional neurological disorder (FND)—and espe-
cially those with loss of motor function or other functional neurolog-
ical symptoms—require physiotherapy to help restore normal motor 
function (see vignette of Jai in Chapter 13). Physiotherapy for func-
tional disorders is very different from standard physiotherapy because 
it is done in a way that does not focus attention on the symptoms (see 
vignette of Jai in Chapter 15) (Gray et al. 2020). The physiotherapist 
also assesses the child’s safety in terms of balance on stairs, weight bear-
ing on a painful foot, and so on.
Occupational Therapy
Some children who are disabled by their symptoms—and unable to 
manage skills of daily living on their own—may require input from an 
occupational therapist to help the children increase their  day-to-day 
functioning. The occupational therapist can also contribute to the 
child’s regulation strategies by introducing sensory strategies that the 
child can use to decrease arousal (Williams and Shellenberge 2012).
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Releasing Trigger Points
Chronic activation of trigger points in muscle—as well as changes in 
the surrounding environment (fascia and connective tissue)—con-
tributes to chronic pain in some presentations. Often, for example, 
chronic headache is maintained by tension in the muscles and trigger 
points of the neck, shoulders, and back. Manual therapies that 
release trigger points—all of which include some form of mechanical 
 pressure—can be extremely helpful for some patients (Shah et al. 2015; 
Gevirtz [2020]).
Interventions That Target Key Brain Systems
Here we focus on interventions that aim to modulate the brain stress 
systems more directly, rather than by the bottom-up, body-based reg-
ulation strategies described above. These interventions include the fol-
lowing: pharmacotherapy for managing sleep, arousal, and anxiety and 
depression; various approaches to processing trauma; and neuromodu-
lation, the use of electrical impulses or pharmaceutical agents that act 
directly upon the nervous system in an effort to alter its activity. In 
 day-to-day clinical practice, these interventions are used, when indi-
cated, alongside other indicated interventions on other system levels. 
For cautions when using pharmacotherapy with children and for sleep 
interventions, see Chapter 5.
Pharmacotherapy to Down-Regulate Arousal
Pharmacological treatments that help down-regulate arousal—clonidine, 
guanfacine, propranolol, selective serotonin reuptake inhibitors (SSRIs), 
and dual serotonin and noradrenalin reuptake inhibitors (SNRIs)—are 
thought to inhibit the amygdala and other limbic structures by acting 
on alpha, beta, GABA, or serotonin receptors in the amygdala, hypo-
thalamus, or periaqueductal grey nucleus in the brainstem (Stahl 2013). 
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Pharmacological treatments to down-regulate arousal can be helpful in 
children whose stress systems are so activated that they are unable to uti-
lize any of the non-pharmacological mind-body strategies described in this 
chapter. For many children, when their arousal is lessened somewhat—via 
pharmacotherapy—they are better able to learn and implement non-phar-
macological regulation strategies for continued use in the long term.
Pharmacotherapy to Treat Comorbid Anxiety 
and Depression
Sometimes pharmacological treatment is needed to help in the treatment 
of anxiety and depression (see case of Jai in Chapter 5). Antidepressants 
(SSRIs and SNRIs) modulate neurotransmitter signalling in brain 
 systems—serotonergic, noradrenergic, dopaminergic, GABAergic, and 
glutamatergic—that play a key role in arousal and mood regulation (Stahl 
2013). Antidepressants—for example, SSRIs—also appear to have posi-
tive neuroplasticity effects (called trophic effects ) that override the aberrant 
neuroplasticity changes that occur in the context of stress (Mann 2019). 
The experience of the first author (KK) is that SNRIs can be problematic 
in children because they often cause increases in arousal and that they are 
therefore often unhelpful in treating functional somatic symptoms, for 
which decreased arousal and activation are treatment goals.
Pharmacotherapy as a Neuromodulation Intervention
Antidepressants—tricyclics, SSRIs, and SNRIs—and atypical antipsychotic 
medications have complex actions that modulate multiple receptor 
 systems involved in arousal, pain, and emotion regulation. In functional 
presentations that are very severe or difficult to treat, such medications 
may be used on a time-limited basis to manage sleep (see Chapter 5), 
pain, and extreme arousal by modulating key neurotransmitter signal-
ling systems (for a review of mechanisms, see Tornblom and Drossman 
[2018]) (see, e.g., cases of Paula in Chapter 3 and Martin in Chapter 9).
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Trauma-Processing Interventions
Some children presenting with functional somatic symptoms have spe-
cific trauma, loss, or stress events that need to be processed because 
these events contribute in an ongoing way to activation of the brain 
stress systems that may, in turn, disrupt motor and sensory processing 
or amplify subjective pain (see Chapter 11). The  trauma-processing 
intervention with the largest evidence base is Eye Movement 
Desensitization and Reprocessing (EMDR) (for references see Online 
Supplement 14.1). EMDR was introduced into clinical practice by 
Francine Shapiro in the late 1980s (Shapiro 1989). In EMDR the child 
is asked to focus on the traumatic memory image while simultane-
ously attending to an alternate stimulus requiring brief eye movements 
(right and left) in sets of approximately 30 seconds. Recent studies sug-
gest that when the processing is successful, the pattern of brain activa-
tion associated with the trauma memory shifts from activation of the 
brain stress systems to activation of cognitive-processing regions. More 
recently, EMDR using the flash technique has been introduced for indi-
viduals who are unable to tolerate access to the trauma memory for any 
period of time—for example, because they dissociate. The flash tech-
nique requires memory retrieval for very short periods of time with vir-
tually no memory-related emotional arousal.
About the same time that Shapiro introduced EMDR, Peter Levine 
introduced Somatic Experiencing, a bottom-up psychotherapy approach 
for trauma (Levine 1997). In somatic experiencing, the direction of 
attention is on body sensations and how they change. Alongside the 
tracking of somatic sensations associated with a memory of an event—
reflecting stress-system activation—somatic experiencing involves 
the tracking of action tendencies or latent action patterns (see below). 
If latent action patterns are identified, then the therapist may suggest 
interventions that may help the patient complete the latent patterns. 
For example, an impulse to run, heralded by a tensing in the legs, may 
be enacted in real time or in slow motion. Likewise, an effort to block 
something with the hand, heralded by a tensing in the hands, may be 
enacted in slow motion. In this way, defensive movements that the body 
was unable to enact, whether for a lack of time or for some other reason, 
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may be enacted in slow motion, over and over again, until the body stress 
systems settle (as internally tracked by the patient). As previously noted, 
Pat Ogden uses a similar approach in her somatosensory approach to 
processing trauma memories (Ogden et al. 2006). For other references 
pertaining to somatic experiencing, see Online Supplement 14.1.
Amanda was a 9-year-old girl whose passion was playing rugby with her 
older brothers and their friends. During one game—with some older (and 
as they discovered, rougher) boys whom they did not know well—Amanda 
was tackled by one of the boys, and two other boys then kicked her and 
pushed her head into the ground, while yelling and swearing at her. Ever 
since the tackle, Amanda had been experiencing recurring headaches, 
sensitivity to light, and intermittent double vision. In the playground at 
school, she avoided the children who had attacked her. Sometimes, if she 
thought that they were trying to approach her, she would run and hide. 
Her sleep also deteriorated in quality, and she was waking multiple times 
during the night. The neurologist diagnosed Amanda’s neurological symp-
toms as being functional and gave her the diagnosis of FND. Because 
Amanda had mentioned the recurring action tendency to run from the 
bullies, her therapist decided to use a  somatic-experiencing intervention. 
With the aid of drawing materials, the therapist asked Amanda to show 
her exactly what had happened during the tackle. She also asked Amanda 
to show her—using her body—what her body would have done, had it 
had time and been able, to protect itself. Then the therapist (playing the 
boy who had tackled Amanda), a medical student (playing the other two 
boys), and Amanda’s mother (playing a safe teacher) enacted the tackle in 
slow motion. In this slow-motion version of the tackle, Amanda was asked 
to put into effect all the protective actions that she had shown the thera-
pist. On the fifth round Amanda reported that she had got it right and that 
she did not think that they needed to enact the scene again. Two weeks 
later Amanda’s mother rang the therapist to report that all of Amanda’s 
symptoms had resolved in the wake of the session.
More recently, other trauma-processing interventions—some of 
which also involve movement—have been introduced into clinical prac-
tice; the evidence base is slowly emerging (for references see Online 
Supplement 14.1). Radical exposure tapping combines elements of 
EMDR with various tapping sequences to create a memory-processing 
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intervention that facilitates processing of the intense affect that accom-
panies some memories. In the progressive counting technique, the patient 
is asked to run a memory like a silent movie, over and over with their 
eyes closed, during progressively longer time periods while the therapist 
counts out loud. The patient starts and ends the ‘movie’ with a positive 
memory. The first author and her team have described the integration 
of radical exposure tapping and progressive counting into the treatment 
of functional somatic symptoms (Ratnamohan et al. 2018), and Laurie 
Mackinnon—a prominent Australian family therapist—uses these 
techniques routinely within a family therapy framework (MacKinnon 
2014).
What is intriguing about some of the above-described  trauma- 
processing interventions is the use of concurrent movement or sensory 
input as key elements of the interventions. Because action tendencies 
and somatic states are so closely tied to traumatic states, it is possible that 
engagement of motor and sensory systems facilitates changes in the pro-
cessing of trauma-related material. Interestingly, imaging studies of trauma 
processing suggest that the healing process also engages motor systems 
(Santarnecchi et al. 2019).
Neuromodulation: A Treatment of the Future?
Advances in technology have led to the development of neuromodula-
tion techniques that aim to change aberrant nervous system activation 
and patterns of connectivity between brain regions (for basic science ref-
erences see Online Supplement 14.1). For example, in treating adults 
with chronic pain—and especially patients with chronic back pain—
implantable spinal cord neurostimulators are now in widespread use 
(Sdrulla et al. 2018). Likewise, there is increasing interest in the use of 
neuromodulation devices—for example, transcranial magnetic stim-
ulation—for treating FND. Topical, non-invasive neuromodulation 
devices—for example, the portable neuromodulation stimulator and 
transcutaneous auricular vagus nerve stimulator—that modulate sub-
cortical brain regions have shown utility in patients undergoing reha-
bilitation interventions for motor symptoms related to brain injury, 
and they may be of use in treating children with severe functional 
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impairment secondary to FND. We mention neuromodulation because 
this field is growing so rapidly and has demonstrated such potential.
* * *
In this chapter we have highlighted that within the stress-system model, 
the treatment of functional somatic symptoms involves the use of strat-
egies, techniques, and interventions that target areas of activation, 
dysregulation, or difficulty on multiple system levels. What we have dis-
cussed are strategies that target the body, either with bottom-up strate-
gies that target the body itself or with strategies that target brain systems 
bottom-up. These strategies can be used alone or in various combina-
tions to assist the child in shifting her stress system back to a more regu-
lated state, one that supports health and well-being and is incompatible 
with functional somatic symptoms. In the next chapter we turn to top-
down strategies involving the mind.
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Abstract  Cognitive and other psychological processes on the mind level 
of operations are amenable to conscious manipulation, and they pro-
vide a therapeutic window for change. These psychological processes 
can have a powerful top-down effect, with the capacity to contribute 
to the child’s efforts to regulate her stress system, her body more gen-
erally, and her thoughts, feelings, and beliefs. In this chapter we briefly 
discuss a variety of interventions on the mind level of operations. These 
interventions are helpful for interrupting illness-promoting psychologi-
cal processes that activate the stress system and that trigger or maintain 
functional somatic symptoms, and also for fostering health-promoting 
psychological processes that down-regulate the stress system and abate 
functional somatic symptoms.
In this chapter we turn to regulation strategies that involve work-
ing with the mind, which is to work from the top down. As we saw 
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in Chapter 12, cognitive and other psychological processes—those 
involving the mind—have a powerful top-down effect, with the 
capacity both to activate and to down-regulate the stress system. Top-
down interventions are meant to address ongoing processes that do 
not necessarily match the actual degree of threat that a child (includ-
ing adolescent) is exposed to. In some cases, though, the child is 
actually at risk of harm—for example, from abuse within the family 
or from cyberbullying—in which case the thought processes relat-
ing to threat may match the actual degree of threat. In that case, 
addressing the threat via the appropriate protective intervention is the 
proper course of treatment. Assuming, however, that the child or 
adolescent is safe in her actual family and school contexts and that 
real-life threats do not need to be addressed, top-down mind inter-
ventions can be used alongside interventions on other system levels to 
down-regulate the stress system.
Top-down emotion-regulation strategies are those in which the child 
utilizes intentional efforts to increase her attention and awareness capac-
ities for better control of thoughts and feelings (Guendelman et al. 
2017). From the neuroscience perspective, successful implementation 
of top-down self-regulation strategies involves activation of the exec-
utive control system and deactivation of brain regions that are part of 
the brain stress systems and that play a role in regulating physiologi-
cal arousal (Guendelman et al. 2017). The executive control system 
involves a network of regions—midline frontal areas (anterior cingulate 
and ventral prefrontal cortex), lateral prefrontal cortex, and posterior 
brain regions (posterior cingulate cortex and parts of the parietal cor-
tex)—that operate as a unit on any task involving high-level cognition 
(Posner 2012; Williams 2016).
Expectations and the Placebo Effect
The child’s and family’s expectations, as well as the placebo effect, play 
an important part in the child’s therapeutic response to each treatment 
intervention and to the treatment intervention as a whole (Benedetti 
2013; Koyama et al. 2005). As noted by Tor Wager and Lauren Atlas 
(2015), all treatments are
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delivered in a context that includes social and physical cues, verbal sug-
gestions and treatment history. This context is actively interpreted by the 
brain and can elicit expectations, memories and emotions, which in turn 
can influence health-related outcomes in the brain and body. Placebo 
effects are thus brain-body responses to context information that promote 
health and well-being. (Wager and Atlas 2015, p. 2)
Consequently, the total therapeutic effect of the systemic intervention 
for functional somatic symptoms includes both the neurophysiological 
effects from the actual treatments and the (neurophysiological) placebo 
effect. The expectations held by the child and the family—which are 
shaped by the conversations and non-verbal communications that take 
place between the child, family, and the clinician (clinical team)—are a 
fundamental component of treatment. If the expectations are positive, 
they will propel the child toward health and well-being (with a placebo 
effect). If they are negative, they will potentially propel the child toward 
ill health and the maintenance of functional somatic symptoms (with a 
nocebo effect) (see also Chapter 12).
Positive expectations were part of each morning’s daily ward rounds 
with Jai, the 14-year-old boy with painful dystonia, weakness and lack 
of coordination in the legs, and disrupted circadian clock whom we met 
in Chapters 5 and 11. When the focus of treatment was to stabilize Jai’s 
sleep—he was sleeping only 3–4 hours a night—the first author (KK) 
made repeated positive suggestions: ‘As your sleep gets better and better, 
your brain will be able to take a rest from the pain at nighttime, and you 
will be able to manage the pain better and better during the daytime. We 
are getting there, bit by bit, step by step.’ The suggestions aimed both to 
maintain Jai’s morale and to increase the therapeutic effect of the night-
time medication by activating the placebo effect.
Psychoeducation and Giving the Child  
(and Parents) Space for Questions
The manner in which the therapist, at the outset, discusses the neuro-
biology of the symptoms and integrates this information with the story 
of the child’s symptoms was described in Chapter 3. Over time, the 
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child and her therapist, as well as the family and therapist, may need 
to engage in additional conversations about the formulation, the many 
different factors (or triggers) that can activate the stress system, or the 
many ways in which the body responds to threat. Likewise, some neu-
rologists and paediatricians with a special interest in functional somatic 
symptoms use education about the symptoms as a key element in their 
medical interventions (Carson et al. 2015).
Johnny, the 9-year-old boy whom we met in Chapter 12, presented with 
layer upon layer of functional somatic symptoms. He experienced an aha! 
moment when the therapist explained the formulation: ‘I see! They [the 
danger systems/circles in the stress-system diagram] are trying to protect 
me, but they keep switching on when they shouldn’t. I thought I had can-
cer and I was going to die.’ Two years later, after a relapse of leg paralysis, 
and after the therapist reiterated the need for Johnny to keep working on 
his regulation strategies, Johnny exclaimed, ‘It’s like before. I need to set-
tle down my body when it first starts to switch on. Then I won’t get the 
[functional neurological disorder].’
The following vignette, told by a clinical psychologist, highlights the 
healing power of psychoeducation—in this case through a lecture (by 
the first author) about functional somatic symptoms that arise in the 
context of the body’s innate responses to threat (Kozlowska et al. 2015). 
In the vignette the speaker, Johan, describes his experience (years ear-
lier) of tonic immobility after being shot in the neck by his cousin Thor 
(the pseudonym refers to Thor, the Norse god who was known to favour 
violence when he solved problems). In the paediatric context, children 
presenting with tonic immobility—who habitually activate this innate 
defence mechanism in response to memories of past maltreatment—
may come to the attention of the neurologist and may be given a diag-
nosis of non-epileptic seizures (Ratnamohan et al. 2018).
As background for the vignette, Johan, a young clinical psychologist 
who had just finished his training, was working at his local hospital. 
One day, his cousin Thor, with whom he was close and whom he had 
known all his life, assaulted him in front of the hospital. Thor refused 
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to tell Johan the reason for the assault. Ten days later, Johan saw Thor 
passing time outside the hospital and went out to talk to him, hoping to 
find out what the problem was. Thor was, by then, standing right out-
side the door, with his back to it. And then, reports Johan:
When I said his name, Thor turned around and lifted his right arm, 
pointing it at my face. There was a plastic shopping bag around his 
hand. His hand completed the arc and when it pointed at my face, the 
bag exploded. From there on everything happened very, very slowly … I 
remember falling, like I was slowly sailing through the air. I ended on my 
back on the icy tarmac in front of the stairs leading up to the door. The 
thought I had was, ‘This is unbelievable. He is killing me. And my desk 
is in such a mess.’ I remember touching my throat with my right hand, 
and it felt sticky. I looked at it, and it was all red. There were no feelings 
about these facts. No pain, no sadness, no fear, nothing. Just like some 
sort of total emotional numbness. Thor watched me for a few seconds, 
then turned and left. I tried to get up, but I could not move. It felt like I 
spent an eternity flat on my back waiting for help.
For a long time afterward, I tortured myself with the idea that the 
shooting communicated the message that I was so worthless and despic-
able that there was nothing left for Thor to do but to kill me—like you 
do a rabid dog. He was arrested in his apartment after two hours of very 
good police work. The first thing he told the officers was that he was 
proud and relieved that he had eliminated me. He had been told by hun-
dreds of voices (psychotic breakdown as part of a paranoid schizophrenia 
illness) to kill me because I was the leader of an organization that was 
out to get him and his daughter. It really was his intention to kill me, 
and he thought he had succeeded. He still had the gun and one spare 
cartridge in his pocket. So yes, the body’s ancient defences really saved 
me, by making me look dead. For many years I wondered why I just 
did not scream or shout to get help or try to get away. I felt worry and 
shame for not having done anything to save myself that morning. It was 
not until I attended your lecture in Oslo in 2017 that I understood why 
my body had responded the way it did on that awful morning. You can’t 
imagine the relief I felt. This ancient defence—tonic immobility—had 
saved me.
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Changing the Focus of Attention
Changing the focus of attention can be used by some children in an 
explicit, conscious, and mindful manner to manage symptoms of pain, 
fatigue, nausea, discomfort, and so on. Focusing attention on a piece 
of music, on an artwork/craftwork that is in the process of being com-
pleted, on the breath, or on the child’s favourite regulation strategy—
and away from the symptoms—are methods that children commonly 
choose and that become part of their toolboxes. As we have seen else-
where, the focus of attention is also managed implicitly in the treatment 
program via the structure of the program, via the way that conversa-
tions are conducted, via the manner in which all interventions are 
implemented, and via the family intervention, all of which focus atten-
tion onto the plans and goals of the day, and away from the symptoms 
themselves. The following vignette of Jai highlights this principle in the 
physiotherapy component of the treatment intervention. The vignette 
describes how the physiotherapist maintained the focus of attention on 
a particular goal (e.g., reaching a particular distance), on a conversa-
tion (e.g., about an unrelated topic), or on some other external stimulus 
(e.g., the beat of a song), and not on the affected limb or the symptom 
itself.
Fourteen-year-old Jai presented with multiple functional somatic symp-
toms—painful fixed dystonia in the neck, motor weakness and lack of 
coordination in the legs, and a pain-related curve of the body to the left. 
Toward the end of his admission, when Jai had progressed to mobilizing 
with walking sticks, his physiotherapist managed the focus of attention 
very carefully during sessions. Sometimes, when practicing to walk with 
the sticks, she would chat with Jai about how impressed she was that he 
had managed to walk up steps earlier in the session, rather than noting or 
acknowledging in any way that he was dragging his left foot while walk-
ing. Any direct focus on the dragging foot would have made the symp-
tom worse.
At other times, when Jai was practicing walking with the sticks, the 
physiotherapist would ask him—he was very musical—to step to a beat, 
rhythm, or piece of music. They routinely played a song that Jai loved 
and that had a moderate tempo, to which he could move step by step. By 
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focusing on the song’s beat and not on the clearance of his dragging foot, 
Jai was able to achieve the required clearance in the swing phase of his gait.
Being an adolescent, Jai was also motivated to build up his strength 
and conditioning using gym equipment. The physiotherapist would focus 
on and positively reinforce Jai’s increasing strength during activities such as 
a boxing, squats, calf raises, and abdominal crunches. While the explicit 
focus of attention was Jai’s strength, all these activities also involved prac-
tice in standing, body control, and positioning. Immersed in the task and 
focused on his strength, Jai would override the motor patterns associated 
with his functional neurological disorder. For example, he would complete 
a boxing set in a standing position. If he had been asked to practice stand-
ing for a few minutes on his own, he would have been unable to do so. 
(This particular material on physiotherapy with Jai is drawn from the first 
author’s materials for her teaching workshops [© Kozlowska 2019]).
Cognitive-Behavioural Interventions
Children with functional somatic symptoms often suffer from comorbid 
anxiety. A key feature of their anxiety is a tendency to anticipate negative 
outcomes (anticipatory anxiety), to appraise situations in a negative way, 
and to ruminate, catastrophize, and engage in negative self-talk. All these 
psychological processes, which activate the stress system in a top-down 
fashion, can trigger, amplify, or maintain functional somatic symptoms 
(see Chapter 12 for vignettes). Standard cognitive interventions—those 
known as second-wave cognitive-behavioural therapy (CBT)—are useful in 
addressing these unhelpful psychological processes.
There are many good resources describing standard CBT interventions 
that have been developed for working with children (Chansky 2008; 
Rapee et al. 2000). In addition, Nicole Williams and Sara Zahka provide 
a detailed description of second-wave CBT in the treatment of children 
with functional somatic symptoms (Williams and Zahka 2017), and 
the New South Wales (Australia) Pain Management Network has devel-
oped Painbytes, an online program that encourages children to develop 
self-management for pain skills through physical activity and cognitive 
approaches (Pain Management Network 2020). For a description of the 
three waves of CBT, see Online Supplement 15.1.
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Top-Down Mindfulness Interventions
Jon Kabat-Zinn (2003, p. 145) defined mindfulness as ‘the aware-
ness that emerges through paying attention on purpose, in the present 
moment, and nonjudgmentally to the unfolding of experience moment by 
moment’. In our own work with children with functional somatic symp-
toms, we mostly use bottom-up mindfulness strategies. These strategies 
focus attention on the body, promote deactivation of the brain stress sys-
tems, and do not engage the executive control system (see Chapter 14). 
It is also possible, however, to use top-down mindfulness strategies. These 
strategies engage the child’s cognitions and thought processes, help the 
child to employ intentional efforts to increase her attention and awareness 
capacities (in particular, for better regulation and control of emotions), 
and activate the executive control system (Guendelman et al. 2017). Top-
down regulation strategies have been incorporated into third-wave CBT 
interventions such as acceptance and commitment therapy (ACT) and 
dialectical behaviour therapy (DBT).
As noted earlier in the chapter, many children presenting with func-
tional somatic symptoms amplify their symptoms via psychological pro-
cesses that have become dysfunctional. In this context, some children 
find that top-down mindfulness interventions—ones that help them 
observe thoughts and feelings nonjudgmentally and with curiosity and 
compassion, and that enable them to hold onto memories lightly—are 
a useful addition to their toolboxes. Some of our favourite top-down 
mindfulness exercises include the following: asking children to be aware 
of their feelings and to notice where those feelings reside in their bodies, 
and placing stressful thoughts and feelings that come to mind onto a 
leaf floating down a stream, or onto a balloon or into clouds that float 
away. For resources see Online Supplement 15.1.
Chantal, a 15-year-old girl, had presented to hospital with different 
functional somatic symptoms—leg weakness and lack of coordination, 
non-epileptic seizures, and jaw dystonia—on each of three different 
occasions. In all three admissions the triggering circumstance was some 
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combination of a loss, threatened loss, and activation of past memories 
of loss or trauma. As part of Chantal’s therapy, she and her therapist 
engaged in a trauma-processing intervention (radical exposure tapping) 
(MacKinnon 2014), processing each memory in turn. During this inter-
vention, the therapist noticed that Chantal was holding onto her mem-
ories and not letting them go. After each memory had been processed, 
so that it no longer caused such a high level of activation in Chantal’s 
body, the therapist asked her to practice—between sessions, holding the 
memory lightly when it came to mind, ‘like a cloud that came and went’. 
She also suggested that Chantal could verbalize the compassion phrase 
that came at the end of each tapping sequence, ‘I deeply and completely 
accept myself ’ to remind her that she could remember the memory 
lightly and with compassion. Chantal practiced this top-down mindful-
ness strategy and added it to her toolbox of strategies.
Visualization Exercises
Some children enjoy and are able to utilize visualization exercises as a 
means of down-regulating arousal and attaining a relaxed body state. In 
this scenario it is useful to keep a range of visualization scripts available 
so that the child can choose those that she likes most. Alternatively, the 
imagery script can be based on the child’s lived experience of attach-
ment figures who are safe and comforting or on her imagination of 
what is safe and comforting. The script that the therapist will use during 
the visualization can be co-constructed with the child. The scripts can 
be recorded onto the child’s telephone by the therapist during a session 
so that the child can use the script independently at bedtime or during 
scheduled slots for practicing her regulation strategies. For resources see 
Online Supplement 15.1.
An emerging literature—which is clustered under the construct of 
attachment security priming—suggests that guided imagery or visual-
ization of a security-enhancing interaction has beneficial outcomes on 
both subjective and objective (stress-system biomarkers) measures of 
well-being (Gillath and Karantzas 2019; Norman et al. 2015).
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Hypnosis
Hypnosis is also a top-down regulation strategy that involves activation 
of the executive control system and increased top-down control of the 
brain regions processing pain and body states, deactivation of the brain 
stress systems, and deactivation of the regions involved in attentional 
control; the overall effect is to enable the hypnotizable subject to sus-
pend critical judgment and immerse herself in a task, while reducing 
awareness of alternatives (Jiang et al. 2017). A growing evidence base 
supports the use of hypnosis in treating children with functional somatic 
symptoms (see commentary by the third author [HH] in ‘Twisted 
in Pain: The Multidisciplinary Treatment Approach to Functional 
Dystonia’ [Khachane et al. 2019]). Hypnosis can be used in two differ-
ent ways: as therapeutic suggestions that are part of ordinary conversa-
tion and as a formal procedure involving a formal induction process.
Therapeutic suggestions are part of all therapeutic conversations. In 
this context, the therapist uses language in a way that makes positive 
suggestions, promotes hope, and harnesses the placebo effect in a max-
imal way. Both the first and third authors have been influenced by the 
work of Milton Erickson, an American psychiatrist who specialized in 
medical hypnosis and family therapy, and who saw ‘deeds [as the] off-
spring of hope and expectancy’ (Erickson 1954, p. 261; Haley 1973), 
meaning that the individuals’ hopes and expectations have a profound 
influence on their actions. Positive hopes and expectations lead into 
positive actions, and negative hopes and expectations lead into negative 
actions. Using words, metaphors, and suggestion to put down stepping 
stones and create a path ahead for each patient, Erickson hoped to steer 
the patients toward healthy actions and healthy future outcomes. In the 
same way, all members of our multidisciplinary teams integrate positive 
suggestions—suggestions that point the child in the right direction—
into our conversations.
In a ward conversation we might say something like, ‘How exciting that 
you were able to do the slow-breathing exercise all by yourself last night. 
You really have the skills you need—don’t you! As you practice your 
breathing exercise more and more, your breathing rate will get slower and 
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slower, and your pain will get less and less—even in periods of the day 
when you are not practicing—all by itself. Isn’t that interesting!’
When used more formally, with individuals who are hypnotizable, a 
formal induction process is used to help the child enter the hypnotic 
state, a brain state involving activation of the executive control system 
and increased connectivity between the executive control system and 
brain regions processing information about body state, coupled with 
deactivation of attention control regions. Children who are able to 
enter the hypnotic state—to ‘“switch” connectivity patterns’ (Jiang et al. 
2017, p. 4088)—are then able to respond to verbal suggestions to elicit 
pronounced changes in pain perception, level of arousal, and motor and 
sensory function.
Some children enjoy hypnosis as a means of decreasing arousal and 
practicing a state of relaxation accompanied by vivid imagery. Once 
they are able to do self-hypnosis—they practice using an audio record-
ing of a hypnosis session by their hypnotherapist—they can integrate 
this skill into the program that they take home or use it to help them 
fall asleep at night or to settle themselves if they wake up at night. Some 
children are able to use self-hypnosis to manage their chronic pain. As 
described in the following vignette, the first author’s team also used 
hypnosis alongside physiotherapy and occupational therapy to help 
mobilize—in essence, straighten out—a boy with fixed dystonia and 
comorbid chronic pain (see Chapter 5 for details of Jai’s presentation).
Jai, the 14-year-old boy we met in Chapter 5, presented with a painful 
fixed dystonia in the neck, a pain-related twisting of his body to the left, 
with the consequence that, when sitting in the wheelchair, he twisted over 
the side in an arc. He had also lost power and coordination in his legs. He 
experienced constant pain, and any attempt at movement caused contrac-
ture of the muscles in the neck that were unbearably painful. Jai’s pain 
prevented all physiotherapy and occupational therapy interventions that 
would assist him to mobilize him or to begin the process of correcting his 
body posture. The breakthrough came when it became apparent that Jai 
was highly hypnotizable. Hypnosis was added to Jai’s treatment program 
to manage the pain. With hypnotic suggestions, Jai was able to disconnect 
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from the pain and was able to imagine his body bending and moving like 
a reed or a tree. While Jai imagined the movement, the physiotherapist 
would reposition him into a straighter posture. In addition, the hypnother-
apist made suggestions that, with time, Jai’s brain would readjust and that 
his body would be straight and tall like a young tree.
After completing the program, Jai continued to use the hypnosis strat-
egies with the assistance of audio recordings that he took home. For a 
detailed account of the intervention with Jai, see Khachane and col-
leagues (2019). For references to hypnosis in working with children, see 
Online Supplement 1.3.
Pain Coping Skills
We include pain coping skills as a separate heading because pain is a 
common symptom in functional presentations. Pain coping skills were 
developed in the 1980s by therapists working in the second-wave CBT 
tradition for use with patients with chronic medical conditions. At that 
time these skills included the following: involving oneself in distracting 
activities; attempting to ignore or reinterpret pain sensations; chang-
ing activity level; praying or hoping; and use of calming self-statements 
(Keefe et al. 1987). Later on, as the importance of pain catastrophiz-
ing became better understood, cognitive strategies also came to be used 
to manage that catastrophizing. More recently, both bottom-up (see 
Chapter 14) and top-down (this chapter) mindfulness strategies have 
been added to the pain coping strategies that are taught to patients with 
chronic pain or with certain medical conditions. For a current review of 
pain coping skills and strategies used with children with chronic pain 
and their parents, see Harrison et al. (2019).
Jai, the 14-year-old boy with a painful dystonia, often used distraction as 
a pain-management strategy. After experimenting with a range of activi-
ties, he decided that what worked especially well was to distract himself 
from the pain by playing his favourite songs on the keyboard or by com-
posing new songs with the help of the keyboard.
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***
In this chapter we have touched upon some of the cognitive and psy-
chological interventions that pertain to the mind level of operations and 
that can be integrated by the clinician into the systemic intervention 
for functional somatic symptoms. These top-down interventions can 
be integrated alongside interventions on other system levels to help the 
child shift her stress system back to a more regulated state, one that sup-
ports health and well-being and is incompatible with functional somatic 
symptoms.
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Abstract  Children are born into a family and shaped by the relation-
ships, interactions, beliefs, stories, and experiences within the family 
system. In this way, the health of the family and the health of the child 
are closely interconnected, and interventions with children present-
ing with functional somatic symptoms must always involve the family. 
All the interventions presented in this chapter—and those presented 
in Chapter 14 (bottom-up interventions working with the body) and 
Chapter 15 (top-down interventions working with the mind)—are best 
effected if they are supported and sustained by the family, are integrated 
into family processes and ways of being, and enable the family to engage 
in its own process of change.
The process of working with the family takes place together with and 
alongside the work with the child (including adolescent) and alongside 
the implementation of interventions from other system levels. The family 
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is part of the family assessment interview—the process of co-constructing 
a formulation, discussing a treatment plan, and negotiating a treatment 
contract (see Chapter 3). In this way, from the very beginning, the family 
is part of the storytelling process that identifies past events that contrib-
uted, as well as current matters that are still contributing, to the child’s 
stress and distress, and, in turn, to the activation of her stress system. The 
natural flow-on from this approach is that, at the outset, the clinician 
emphasizes the importance of the family in the therapeutic process. Early 
in this process, the clinician works with the parents to support them in 
the task of supporting the child as she engages in the treatment program 
(see interventions outlined in Chapters 14 and 15). Later, as the treatment 
progresses, the clinician may need to work with the family—or arrange 
family work via an appropriate referral—to address any residual issues on 
the parental or family system level that are continuing to stress the child 
or otherwise slowing her progress. In the sections that follow, we outline 
some of the family interventions that we use to support children with 
functional somatic symptoms.
Interventions to Establish a Foundation 
for Moving Forward
Advocating for the Family in the Health Care System
When initially presenting for assessment to the mental health clini-
cian—or more commonly the multidisciplinary team—many families 
are confused about the medical process that preceded the referral. Often 
they do not quite understand the results or implications of the clinical 
examination and investigations done by the paediatrician:
• How have those results excluded organic illness?
• On what basis has the paediatrician made a positive diagnosis of a 
functional disorder?
• How is the family to make sense of the different terminologies that dif-
ferent health professionals have used to talk about functional problems?
• Why has a referral has been made to a mental health professional?
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In the hospital setting, helping to address these shortfalls—and advo-
cating for the family to have them addressed—may be one of the first 
interventions undertaken by the team or clinician. The advocacy may 
involve any or all or the following:
• A call to the paediatrician while the family is in the room to clarify 
the diagnosis and medical findings
• A joint consultation with the paediatrician and family in which the 
medical process and diagnosis are explained again
• Completion of tests that should have been done and were not
• A referral for a second opinion so that the parents can feel confident 
about the diagnosis and can move on to engage with the treatment 
process
• An explanation of the entire process in words that the family can 
understand.
This intervention helps the family move from a medical model to the 
systems (biopsychosocial) model of understanding and treating func-
tional somatic symptoms. If this step is not completed, the child and 
family are unable to shift gears, as it were—from the medical model 
to the systems model—and unable to engage in the treatment process. 
Importantly, too, the family are not positioned to help their child get 
well. Instead, they are likely to go doctor shopping and to take the child 
down the spiral of chronicity that was described in Chapter 2. In this 
way, this initial family intervention is a make-it or break-it intervention. 
If it fails, the entire intervention never gets off the ground.
Identifying the Level of Capacity When Working 
with the Family
Early in the assessment process—based on the family’s responses and 
interactions within the family assessment interview—the clinician needs 
to make an assessment of the family’s capacity or lack of capacity to think 
about their contribution to the child’s functional somatic symptoms, and 
their readiness for a family intervention. This judgment will influence 
whether the clinician includes family interventions upfront and early in 
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the treatment process or whether the clinician implements family inter-
ventions slowly or even indirectly, while trust between the clinician and 
family—the secure base from which they work  (Byng-Hall 1995)—is 
being further established. In any event, the clinician will begin work-
ing on system levels that the family can tolerate, and will progress from 
there to interventions on the system levels that are more challenging for 
the family. In this way, the clinician builds a secure base from which to 
work, bit by bit. Nonetheless, the need to address these different system 
levels should be raised at the outset so that the child and family are aware, 
from the very beginning, that all components of the intervention are 
important.
An advantage of this multi-levelled, systems approach is its flexibil-
ity and adaptability. It enables the clinician, child, and family to deter-
mine interventions that can, even at first, be used to good effect and 
that, building upon the trust thereby established, enable the treatment 
to move onto system levels that the child or family may previously have 
resisted as too difficult or anxiety provoking. What this means in prac-
tice is that the treatment is less likely to get ‘stuck’; creative, flexible 
approaches to the choice of intervention at any particular time are likely 
to enable treatment to proceed in a positive direction. A less systemic 
approach—one that locates difficulties at a particular system level, such 
as the child only or the family only—is much more likely to encounter 
dead ends, with no obvious options for new, potentially useful interven-
tions along pathways not previously considered.
Using the Body as a Beacon to Track Stressful Events 
Within the Family and Child’s Social Context
One way to identify the family’s capacity early in the assessment pro-
cess is to use the body as a beacon to track stressful events within the 
family and child’s social context—in particular, by initially asking ques-
tions about the symptoms and asking questions that help build a con-
text around the symptoms (see case of Paula in Chapter 3). This way 
of gathering information can help to clarify quite quickly whether the 
family can manage any direct questions about family function and 
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family emotional processes, whether the family will spontaneously offer 
any relational information, and whether gathering information via 
direct questions is too threatening.
Containing Anxiety in the Family System: The Therapist 
as a Container of Anxiety
The notion that the clinician functions as a container of anxiety comes 
from the 1940s and 1950s, from the psychotherapy tradition. According 
to Linda Finlay (2015a, p. 64; 2015b), ‘the concept of containing is 
based on Jung’s (1946) idea that the therapy process can be likened to 
an alchemical container in which the chemicals are the thoughts and 
feelings of both patient and analyst which have to be held safely’. The 
notion of the clinician as a container of anxiety is also implicit in John 
Bowlby’s conceptualization of the therapeutic relationship as a secure 
base (Bowlby 1988; Byng-Hall 1995) (see also Chapters 2 and 3).
In working with children and families, the clinician as container 
refers to the holding or containment—the secure base—that the clini-
cian provides in the therapeutic relationship with the child and family. 
According to attachment theorist Patricia Crittenden, the sense of con-
nection that babies experience in attachment relationships is built up in 
two different ways: connection via shared feelings (affective states) and 
connection via doing (shared action) (Crittenden 2007). In our experi-
ence in working with children with functional somatic symptoms, these 
two ingredients are likewise important in the therapeutic relationship 
and in the clinician’s role as therapeutic container. While it is impor-
tant to the family that the clinician connects with the family on the feel-
ing level, enabling the family to feel understood, it is equally important 
that the clinician connect with the family on the doing level, enabling 
the family to engage in the course of therapeutic action that they and 
the clinician need to take. Along the same lines, Edward Bordin, an 
American psychologist who saw the therapeutic relationship as the cor-
nerstone of the patient’s change through psychotherapy, described that 
relationship as involving different elements, including feelings, beliefs 
and understandings, and actions (Bordin 1979).
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Most parents are earnest in supporting the child in her effort to get 
well, and they are eager to learn what they can do to support the child 
during the treatment process. But they often feel helpless in the face 
of the symptoms; they need to rely on the therapist to point the way 
forward.
Because the behaviours—the doings—that are required of the parents 
are sometimes counterintuitive, the therapist needs to explain how and 
why their attention to the child’s pain or other symptoms has the unfor-
tunate consequence of triggering and amplifying both the pain and other 
symptoms. For many parents this is an aha! moment, and they are dis-
mayed that other health professionals failed to provide them with the 
information that some of what they were doing with the child—in an 
effort to be supportive and caring—was counterproductive.
Once a common understanding has been achieved, the doing ingre-
dient of the therapeutic relationship necessitates that the clinician be 
explicit—and sometimes prescriptive (as in giving the family home-
work tasks)—in asking the family to practice new ways of being with 
the child; these ways need to become part of family interactions in order 
for the child to get well. The therapist also needs to work and collabo-
rate with the family to help them begin implementing the doing part of 
therapy immediately. Connecting with the family via feeling together and 
via doing together contains anxiety. For more detail see later subsections 
‘Stepping Back and Giving the Child Space’ and ‘Changing the Focus 
of Attention’.
Facilitating Healing from Adverse Experiences  
in the Health Care System
As discussed in Chapter 3, some children and families have experienced 
unhelpful—and sometimes frankly abusive—interactions in their efforts 
to obtain help for the child via the health care system. Sometimes the 
child and family feel dismissed or emotionally battered because of inap-
propriate, mean, or ignorant comments made by health workers (see 
Chapter 3). An important intervention during the assessment process 
is to probe for such negative experiences, listen to what happened, 
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acknowledge the child and family’s pain, confusion, and anger, and 
highlight the dearth of knowledge about functional symptoms in the 
medical and paramedical world. Usually, this sort of frank acknowledg-
ment about what has happened enables the family to leave it behind 
and to connect with the treating team in a positive way. Sometimes, 
the emotional damage has been so significant that it may be neces-
sary to implement trauma-specific interventions with the child or even 
a family member, potentially around specific memories or events (see 
 ‘Trauma-Processing Interventions’ in Chapter 14).
Starting the Intervention with a Working 
Formulation
Some children and families are forthcoming with information, and 
others are not. Separate from these initial attitudes toward disclosure, 
some children and families provide the clinician with rich information; 
others omit information because they do not realize that it is important 
or because they are unaware that events in the child’s life have affected 
the child adversely; still others, at least at first, do not trust the process 
and choose not to share what they know. Sometimes additional sensitive 
information is offered by the child or family once trust has been estab-
lished. In this context, and with the information that is available at the 
time, the clinician and family need to co-construct a working formu-
lation and, if agreed, to start treatment. With time, as more informa-
tion becomes available, the working formulation evolves, and treatment 
interventions can be updated in turn.
Peppa was a 12-year-old girl with sudden-onset functional paralysis of 
both legs and episodic whole-body shaking. Peppa was a high achiever. 
Prior to her illness she had been an elite dancer and had ranked academ-
ically at the top of her class two years in a row. Peppa reported that she 
had grown up in a loving and kind family. She maintained that her grow-
ing up was ‘the best’ and that she had never once been angry with her 
parents. Akin to Peppa, her parents were unable to identify any stress or 
difficulties that may have contributed to their daughter’s illness. But the 
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team’s experience of the emotional interactions within the family was 
inconsistent with the family story. During the first half of Peppa’s admis-
sion, her father, frustrated by some aspect of her clinical care, accosted 
the female resident—the most junior member of the team—with a vol-
ley of questions. A week later, and coinciding with the new rotation of 
residents, the father repeated this behaviour, picking out the new female 
resident who had insufficient knowledge to respond to his questions and 
points of dissatisfaction. The resident felt sufficiently rattled that she 
subsequently made sure to protect herself by going to the ward with a 
colleague. The same pattern of interaction was observed with other pro-
fessionals on several other occasions. It was through these interactions 
that the team understood that Peppa needed to be a good girl and needed 
to use a Type A attachment strategy—one that prioritized compliance, 
performance, inhibition of negative affect, and expression of  false-positive 
affect—to facilitate a close relationship with her father and to ensure 
that she obtained his love and approval and was not the object of his 
anger. (For attachment strategies see Crittenden [1999], Farnfield et al. 
[2010], and Online Supplement 4.1.)
Structural Interventions Involving the Family
Stepping Back and Giving the Child Space
Most parents are distressed about their child’s symptoms and would do 
anything possible to fix those problems. In this context, it can be dif-
ficult for parents to step back and support the child as she engages in 
treatment. But she is, after all, the only person who can track her body 
from the inside and the only person who can implement  body-based 
strategies to help down-regulate her stress system. Parents whose child 
has been ill for a prolonged period find this stepping back especially 
difficult because the process of adapting to the illness has resulted in 
changes in both the parent-child relationship and family dynamics (see 
the spiral into chronicity in Chapter 2).
Parents also need to step back from other aspects of the program—
for example, physiotherapy sessions—to give the child space to work 
without parental attention to her symptoms.
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Some parents find it helpful to know that the child’s symptoms are 
most likely to first settle when the child is participating in enjoyable 
activities that take place in contexts where the parent and the treating 
team’s therapists are not present—for example, when she is enjoying 
learning activities at school, interactions with the adolescent group, or 
physical activities with the physiotherapist. Others find it helpful to 
know that their attention to symptoms will amplify them. Yet others are 
encouraged to learn that their stepping back and giving the child space 
is a treatment intervention in itself. In this context, providing parents a 
clear explanation for why the clinician is asking them to step back (i.e., 
that the child is learning to take responsibility for her own body) can 
help the parents to do so without feeling blamed for the child’s symp-
toms. Providing regular emotional support to the parents can also be 
helpful—for example, by calling them on a daily basis and giving them 
updates as to how the child is going in their absence, especially in the 
early stage, when the parents are still adjusting to the need to step back.
Changing the Focus of Attention
Many parents are distressed when they discover that their attempts to 
look after the child—for example, by frequently asking the child about 
her pain—have actually made the situation worse, contributing to the 
intensity and frequency of the child’s symptoms. In this context, par-
ents usually work hard to change their focus of attention. One way for 
them to change the focus of attention is by talking to the child about 
the progress that she is making with her mind-body strategies. This 
shifts the focus of attention from the symptoms themselves to what 
the child is doing about them. It also changes the focus of attention to 
the child’s capacity to regulate her body, thereby increasing her sense of 
 self-efficacy and control. Another way to change the focus of attention 
is for the parents to make sure that, when they spend time with the 
child, they engage in activities that are enjoyable for everyone—that is, 
that they connect by doing together.
Unfortunately, some symptoms—for example, non-epileptic seizures 
(NES)—necessitate action. During a seizure, the parents are asked to 
make sure that the child is safe and comfortable. If music is one of the 
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strategies that help the child to regulate, parents might, for example, 
pop an earphone into the child’s ear and play some music or the relax-
ation script that the child uses to help her down-regulate. Otherwise, 
parents need to sit quietly by the child, waiting or reading. Once the 
event is over, parents may coach the child to engage in her mind-body 
strategies to down-regulate her stress system. Once the child is settled, 
they will encourage the child to continue with what she was doing 
before the onset of the NES.
Whatever the symptom, changing the focus of attention is difficult 
for parents; when their efforts at managing this aspect of the treatment 
program are going well, it is helpful to provide them with feedback and 
encouragement to that effect.
The mother of Paula—the 15-year-old, bed-bound adolescent girl we 
met in Chapter 3—was very distressed when she found out that con-
stantly asking Paula about her pain functioned to amplify the pain. She 
wondered why no one had told her that before. In this context, she and 
Paula’s father accepted the therapist’s suggestion that the hospital admis-
sion provided an opportunity to step back (see also above), to allow Paula 
to manage the therapeutic components of the admission on her own 
(free of her parents’ attention), and to practice not asking Paula about 
her pain—for example, by asking Paula (during their evening visit) about 
what she had done or achieved that day.
Timetabling Activities: Getting on with Normal Activities 
as Much as Possible
Outside of the treatment program, parents are encouraged to persevere 
with, and timetable in (see also later subsection ‘Daily Timetable’), any 
normal activities that the child is able to engage in. The key message 
given by the family to the child is that life goes on and that resump-
tion of normal activities is treatment. In the initial phase of treatment, 
these activities may be graded to ensure that the child isn’t overdoing 
it (see Figs. 16.1 and 16.2). Many families struggle to find the balance 
between doing too little (leading to slower progress and potentially frus-
tration with the pace of improvement) and doing too much (causing 
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the child to crash, a potentially serious setback). The timetable—which 
is upgraded as the child’s capacity improves—aims to find the right bal-
ance. Finally, with coercive children, the timetable is a key element of 
the behavioural intervention (Sells 1988; Kozlowska 2016).
Fig. 16.1 Staircase metaphor for the treatment process. This illustration of the 
stairs is a metaphor for how in the initial phase of treatment the activities that 
make up treatment—self-care, physiotherapy, going to school—may be graded 
to ensure the child is not overdoing it and to avoid a crash. In other words, the 
treatment process for functional somatic symptoms is like a staircase made up of 
many small steps. Treatment starts with very, very small steps and continues with 
small steps. Over time the steps add up to mark significant progress (see dotted 
line). If at any point the steps are too hard, they can be further broken down 
into smaller steps (represented by the ladder). The drawing shows that when the 
child is very ill (depicted by the figure at the bottom of the stairs), the goals for 
the activity will be modest (the small low stairs at the bottom of the staircase), 
and that sometimes it will even be necessary to use a ladder to get up the small 
stairs (depicted by the ladder). When the child gets better and has more energy 
and capacity, the stairs will be correspondingly bigger. For example, going to 
school may start with a few hours a day in a wheelchair, build up to more hours 
and transferring out of the wheelchair, and then build up to even more hours 
and leaving the wheelchair in the school office. For some children, if the prin-
ciple of gradual increase (one small step at a time) is not explained clearly, then 
the child sees just one big staircase (depicted in the broken line)—and thinks ‘I 
cannot do this’—which can provoke anxiety and trigger significant increases in 
arousal (© Trond H. Diseth 1991. Reprinted with permission)
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Intra-familial Issues and Interventions
Learning Skills to Identify and Talk About Stress 
and Distress
The therapeutic process of helping the child and family to make links 
between stressful life events and escalations of the child’s symptoms is 
crucially important. A family that acquires this skill will be better able 
to support the child in the face of future stress. Because most families 
have conceptualized the child’s symptoms as distinct phenomena and 
have not made the connection between the symptoms and the events in 
Fig. 16.2 Path on the mountain metaphor for the treatment process. This line 
drawing shows that the treatment process for functional somatic symptoms 
involves a balancing act that can be likened to the child walking on a narrow 
path on the ridge of a mountain. If the interventions that make up the treat-
ment program are not challenging enough, the child will slide down one side 
of the mountain and will remain sick. If the interventions that make up the pro-
gram are too challenging, the child will slide down the other side of the moun-
tain and will retreat back into bed, into the sick state. When the treatment 
program is just right, the child progresses slowly—along the narrow path—to a 
state of health and well-being (© Kasia Kozlowska 2019)
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the child’s life, these skills are ones that the family needs to learn. In this 
context, the clinician works to support the child to communicate to her 
parents when she notices that her stress system is activating, to support 
the parents to communicate to the child when they notice her stress sys-
tem is activating, and to support the family as a whole to notice what 
events or situations the child finds stressful. For some parents, an emo-
tional-coaching intervention may be helpful (Gottman and DeClaire 
1997; Owenz 2017).
Betsy, the 13-year-old girl with NES whom we met in Chapter 14, always 
told her parents that she was fine. On weekend leave from the  Mind-Body 
Program, Betsy had had a good weekend with few NES. However, on 
coming back to hospital, Betsy had a series of NES. Betsy admitted that 
she hated being in hospital, so the link between Betsy’s NES and her dis-
tress pertaining to the return to hospital was made. A week later, on the 
afternoon of discharge for the school holidays—the Mind-Body Program 
does not run during holidays—Betsy also had a series of NES. The ther-
apist asked the family what had happened to trigger the NES. Betsy’s 
mother said that earlier in the afternoon, Betsy had phoned her and 
sounded frantic. In the phone call Betsy had told her mother that after 
she had packed up her things for the trip home, the nurses had put her 
temporarily into the treatment room—a room that was full of medical 
gadgets. In that room Betsy had imagined needles going into her arm. 
Her anxiety and arousal had escalated, and she had triggered her NES. 
The therapist noted that the treatment room episode—like that of com-
ing back to hospital—were excellent examples of how, when Betsy became 
very aroused or anxious, her NES were triggered. She suggested that Betsy 
and the family were getting better at noticing the circumstances in which 
Betsy’s body activated.
Addressing Health Issues in the Family System
Quite often the child’s distress pertains to the well-being of her parents. 
In this context, ensuring that parental health issues are being addressed 
can be an important component of the intervention. This can involve 
addressing areas of both physical and mental health.
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Addressing Other Family Issues
The storytelling process often elicits other family issues that may need 
to be addressed. Common issues that contribute to activation of the 
child’s stress system include family or parental conflict, breakdown of 
important relationships, and differences in parenting. For example, if 
the formulation is that the child’s stress system is activated because of 
sustained parental conflict, then this needs to be raised with the parents 
in a way that they can tolerate and hear, because with unremitting con-
flict the child will not get well or will keep relapsing with new health 
problems (see case of Rudi in Chapter 9). However, because these 
issues are not specific to working with children with functional somatic 
symptoms, we do not discuss them in detail here. For helpful resources 
for working with such issues in family therapy, see Rhodes and Wallis 
(2011) and the many other wonderful family therapy resources available 
in the literature (e.g., Dallos and Draper 2010).
Working with Behavioural Interventions
Behavioural interventions are a basic component in treating functional 
somatic symptoms. Whether the child is managed in the community 
or in the hospital setting, the treating team and family need to imple-
ment a structure—a behavioural program—around the child that facili-
tates normal daily activities and that helps the child move toward health 
and well-being. The members of the family are, indeed, key players in 
all behavioural interventions; they support, sustain, and maintain those 
interventions whenever the child goes home. Common behavioural 
interventions that we use day in and day out are included below.
Daily Timetable
The daily timetable visually sets out the patient’s activities from wak-
ing up to going to bed. It includes bedtime and waking time, eating 
times, activity times, the time and frequency of the regulation strategies 
that the child is practicing daily to down-regulate her stress system, and 
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also time to rest. The third author (HH) and the multidisciplinary team 
she works with view the timetable as a dosette box for a treatment whose 
‘ingredients’ are the specified activities—carefully chosen and ‘tailored’ 
to the individual child—and their total effects.
For both the patient and the multidisciplinary team, the timetable is 
an important tool that, for either a day or a week at a time, organizes 
the treatment program. For the child, the timetable provides predicta-
bility and promotes the sense of control and mastery. These factors may 
help to lower the child’s arousal and worries/anxiety—which is an inter-
vention in itself and also important for maintaining the child’s motiva-
tion. For cooperative children, the timetable provides scaffolding for the 
day and establishes a predictable rhythm for it. For uncooperative chil-
dren, the timetable provides the treating team and family with a way 
to check whether a child is actually taking responsibility by engaging in 
the interventions that will make her better.
For the multidisciplinary team and also the family, the timetable 
is an important management tool ensuring that everybody involved 
knows exactly what the treatment plan is and that they all push in the 
same direction. And since the child’s schedule is set in advance for the 
day regardless of her symptoms, having the timetable in hand preempts 
the need to start each day by querying the patient about her symptoms 
(‘How are you feeling?’ ‘How is your pain or energy level?’ ‘Will you be 
able to do this and that?’)—a sure way to exacerbate them.
Goal Setting
Setting small tangible goals in skills of daily living, physiotherapy, psy-
chological work, reintegration to school, and so on is imperative to 
ensure that the child continues to progress.
Managing Avoidance Behaviours
Avoidance behaviours are common in children with functional somatic 
symptoms. Usually children will avoid certain activities because they are 
associated with pain or fatigue, or because the child might be afraid of 
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having an NES, and so on. Many children also avoid certain activities 
because of anxiety: negative anticipatory thoughts, catastrophizing, and 
so on. The overall treatment program is designed as a behavioural inter-
vention that includes all the activities that the child needs to re-engage 
in and re-master—such as getting up in the morning, exercising, going 
to school, and engaging with peers.
The Traffic Light Safety Plan
We include safety planning as a behavioural intervention because the 
child may need to use it as a reference point on a daily basis and, when 
necessary, to act as the plan requires. The traffic light safety plan is used 
as a way of identifying, and of implementing an immediate response 
to, low mood, suicidal ideation, and thoughts of self-harm (see Online 
Supplements 16.1 and 16.2). Also, in children with NES, who face 
the risk of falling and injuring the head, identifying the antecedents of 
NES events enables them to protect their physical safety by immedi-
ately assuming a sitting position (the first action documented on the 
safety plan). The first author (KK) and her team use a traffic light system 
developed by mental health clinician Danae Laskowski. Using that sys-
tem, the child develops the safety plan with her individual therapist and 
summarizes it in a visual representation, with events or states coded as 
green (safe and stable), orange (beginning to activate; use mind-body 
techniques to settle), or red (high risk) (see Online Supplement 16.2). 
The safety plan is shared with the family, school, and other persons who 
implement the plan. The parents can carry a copy of the safety plan with 
them in case they need to take the child to the emergency department. 
The safety plan is updated as the child learns additional strategies to man-
age perturbations in body state, arousal, thought processes, and mood.
Using a Bike/Rugby Helmet to Protect the Head 
from Falls
Children with fainting episodes or NES are potentially at risk of injur-
ing themselves from falls until they have gained control over these 
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episodes (usually by recognizing the antecedents [warning signs], low-
ering themselves safely to the ground, and then engaging in mind-body 
techniques to lessen their arousal). When such a risk is present, we have, 
at times, used bike or rugby helmets to protect these children’s heads.
Betsy, the 13-year-old girl and ballet dancer with NES whom we met 
earlier in the chapter, had NES that were very difficult to manage. Betsy 
found it difficult to notice warning signs, and after the NES she had no 
memory of them. At first, she thought everyone was trying to keep her 
in hospital for no reason at all. She broke down wailing when she saw 
one of her events on her mother’s phone. When an NES occurred, Betsy 
would fall. In the first author’s room, she fell face down, narrowly missing 
the metal rail of the chair. In the hospital she sustained multiple inju-
ries—sometimes by falling off the toilet—despite being nursed one to 
one. During one event she fell into her food, and her face and hair were 
covered with vomited watermelon. On a gate pass home, she cut open 
her head and bled profusely onto the bathroom floor. During the latter 
part of her admission—and on integration to school—Betsy wore a rugby 
helmet.
Working with Other System Levels: Don’t Forget 
the School
There are also other system levels that are important when working with 
children with functional somatic symptoms. The most important of 
these are the school system, the health care system, and, when children 
live in small communities, leaders within those communities. While 
each of these areas of work could be the subject of another chapter (as 
could other topics), we need to keep this particular book within man-
ageable limits. With regard to the school system level, we have provided 
the reader with some ideas in Online Supplement 16.3.
***
In this chapter we have discussed interventions pertaining to the fam-
ily system level. Family interventions are a fundamental component of 
the treatment intervention because they enable parents and families to 
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support the child with functional somatic symptoms in her efforts to 
get well. We have described commonly used behavioural interventions 
that are typically collaboratively implemented by the child, family, 
and clinician. Family interventions aim to increase regulation within 
the child’s stress system, to create safety in the child’s family and social 
contexts (because safe contexts do not require activation of the stress 
system), to strengthen nurturing relationships (because mammals regu-
late better in the context of close relationships), and, by doing all these 
things, to increase the child’s capacity for managing stress and distress, 
thereby building resilience so as to buffer the child from future stress.
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Abstract  In this brief conclusion we take a step back and reflect on 
the continuing need for health professionals and health care systems to 
develop a more holistic (systemic), mind-body approach to  diagnosing 
and managing functional somatic symptoms in children and adoles-
cents. And as we have seen, specialized multidisciplinary, multimodal 
programs are necessary when these symptoms are severe, causing signifi-
cant impairment. We also need to recognize that our current  knowledge 
in this field remains approximate, though the evidence base contin-
ues to grow. In the interim, especially given the diversity of functional 
symptoms and presentations, we need to be creative and to move 
beyond established silos and settled approaches to research and treat-
ment. And because these symptoms are so common in children and 
adolescents, we encourage readers to take an educational and leadership 
role in their own professional communities.
When the final chapters of this book were being completed, the first 
author (KK) was engaged in an ongoing, trans-Pacific email conversation 
with a parent who happened to be a well-known professor at a major 
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US university. His 13-year-old daughter had been hurt in an outdoors 
accident, and she remained unwell despite the family’s proximity and 
access to a world-renowned medical centre. After recovering from her 
concussion, she continued to experience a barrage of progressive trau-
ma-related symptoms: non-epileptics seizures (NES) (see Chapter 11), 
vocal cord adduction (see Chapter 7), disturbed sleep (see Chapter 5), 
anxiety and panic attacks, and post-traumatic  re-experiencing. The NES, 
which were occurring so frequently as to disrupt all family routines, were 
triggered by exercise or environmental cues reminiscent of the accident. 
Cognitive-behavioural therapy—the therapy with the best evidence base 
for NES—had not been particularly successful. At the time of the corre-
spondence, the hospital-based clinical care involved neurology, the ear, 
nose, and throat team, psychiatry and clinical psychology, and the ambu-
lance service.
Robert, the father, described the experience as being one 
trapped in a void between medical specialties. Once the neurologists 
determined the events were NES, they didn’t have anything neurolog-
ical to add, either in terms of diagnosis or treatment. Our daughter’s 
psychiatrist didn’t have any expertise with NES, nor did, apparently, the 
psychiatrist’s pediatric colleagues. And none of the specialists had ever 
encountered NES complicated by vocal fold closure. Fourteen months 
of CBT with a skilled provider had little impact, with the NES actually 
developing out of what were initially only panic attacks during this treat-
ment. Clinicians in private practice—who offer alternative ways of work-
ing—have declined to see my daughter because of her NES and the fear 
that a seizure might occur in their offices. As far as I can tell, this void 
between specialities is simply a function of historical divisions of labor 
and discipline, with little defensible intellectual basis given how we now 
(since the early 90s) think about mind, brain, and body. But particularly 
in our country, ‘mind-body’ medicine is still considered alternative, and 
no one seems to tackle problems like my daughter’s with a multidiscipli-
nary approach. A lot of researchers are looking at brain networks (and 
using very cool machines), but the clinical impact, especially with chil-
dren, is slight to non-existent. And though data bases such as UpToDate, 
DynaMed, and Clinical Evidence have some useful information and 
frameworks regarding adults, none of it relates to children, and in any 
event, the clinical usefulness is no better than thin. On my reading, it 
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seems that what is missing is work that is more neuroscientifically 
engaged, and clinically concrete. It’s a huge gap that needs to be filled.
This book is about that gap, that void. This book is our attempt to 
share with mental health clinicians, paediatricians, and other health pro-
fessionals our clinical journey and what we have learnt in helping hun-
dreds of children (including adolescents), along with their families, who 
presented to our hospital settings with functional somatic symptoms. 
Like the clinicians in Robert’s story, we began our journey in the void, 
with little information to guide us and with no sure idea of how to fill 
the gap between existing medical specialties or between mind and body. 
Slowly, in a journey of many years, drawing on our clinical observations 
and the research literature—and in particular, George Chrousos’s con-
cept of the stress system (Chrousos et al. 1988) (see Chapter 1)—we 
began to gain insight into the functional presentations that we encoun-
tered. Like Robert, his daughter, and family, we had to search for alter-
native treatment options and pathways whenever accepted therapeutic 
techniques fell short of what we—and the patient—needed.
Throughout this book, using the lens of contemporary neuroscience 
and applying a systems approach, we have considered the complex, 
reciprocal influences of the brain, body, and mind—as well as the role 
of the relational and social contexts that define each person’s immedi-
ate environment—in the biology of stress and in the emergence of 
functional somatic symptoms. The key point emerging in this book is 
that brain, body, and mind are deeply integrated in the person and do 
not follow Cartesian dualism; for our purposes, there is no distinction 
between physical and psychological stress. Mind and body are insepa-
rable, as are, in effect, the phrases embodied mind and minded body. No 
matter how stress is generated, when it becomes cumulative, chronic, 
uncontrollable, or associated with extreme distress, it can dysregulate 
the stress system and affect the well-being and health of the individual 
child.
Using this systems approach, we have presented what we refer to as 
the stress-system model for functional somatic symptoms. Under this model, 
functional somatic symptoms are conceptualized as emerging when 
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the person’s stress system is activated in response to stress that exceeds 
the person’s capacity to cope. Accordingly, from the perspective of the 
stress-system framework, the treatment of functional somatic symptoms 
involves interventions that help the child shift her stress system back to 
a more regulated state, one that supports health and well-being and is 
incompatible with functional somatic symptoms.
In many ways, writing this book is an act of courage. When our 
science colleagues read this book, they may cringe at the simplic-
ity of our metaphors for what is very complicated science. When our 
 evidence-based colleagues read the book, they may see the material as 
(for the present) lacking the evidence base that they require for inclu-
sion in evidence-based reviews and publications. When our medical col-
leagues read the book, they may find the material confronting because it 
steps outside of and between medical specialties and because we utilize 
systems thinking, shifting from system level to system level, in a way 
that ignores the neat silos of contemporary medicine. When our psychol-
ogy and mental health colleagues read the book, they may see the book 
as too medical, too biological, and too focused on processes that take 
place in the human body, with only two chapters about the mind as 
such. And when philosophers read the book, they might find it too con-
crete, too rooted in biology rather than the mind.
So, in the end, we just have to focus on who we are and what we 
do, and to communicate our work to other clinicians in the clearest 
way possible. We—the first and third (HH) authors—are clinicians 
who work on multidisciplinary teams using a systems (biopsychosocial) 
framework in collaboration with our medical and mental health col-
leagues. We treat children with functional somatic symptoms and give 
particular attention to the circumstances (familial, social, educational) 
in which the symptoms arose. When we initially meet with the children 
and families, we provide a careful assessment and reach a formulation 
that guides our choice of treatment interventions on multiple system 
levels: body, brain, mind, family, and school. Working systemically, we 
expect that our interventions will have a synergistic effect—that the 
overall effect of working on multiple system levels at once will be greater 
than the effects of the separate treatments. Likewise, we expect that the 
interventions will shift the child’s stress system from an activated and 
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dysregulated state to a more regulated state not compatible with func-
tional somatic symptoms. And we have documented our outcomes—in 
three research cohorts—with studies published in mainstream medical 
journals (see Online Supplement 2.1). From this data we know that the 
majority of children whom we treat return to health and well-being.
The writing of this book has been an exercise of stepping outside the 
box or of stepping out on a limb of a tree. Here we are comforted by 
Fritjof Capra’s words that all knowledge is approximate (Capra 1997); the 
knowledge in this book is, inescapably, approximate. It describes what we 
know today, in full recognition that we shall know more, and with bet-
ter evidence, tomorrow. We are also comforted by Desmond Sheridan’s 
analysis of evidence-based medicine, as both best practice and restrictive 
dogma (Sheridan 2016). We are conscious that the evidence base in the 
field of functional somatic symptoms is still taking shape, though we 
should note that the published research of the first author, in particular, 
constitutes an important part of the existing evidence base. We (the first 
and third authors, in particular) should also note that this work, here 
and elsewhere, has been markedly improved by the contributions of the 
second author (SS), who, in a role approximating that of participant- 
observer, has brought his background in philosophy, psychiatry, consult-
ing, and publications to bear on this project. He has, among other things, 
facilitated the process of reaching what we all see as an effective accom-
modation between theory and practice, and to communicate our knowl-
edge in a way that is actually accessible to, and useful for, readers.
In the time that we have been working with children with func-
tional somatic symptoms, the era of talking therapies, with an emphasis 
on psychoanalytic paradigm, has been largely displaced by a cognitive- 
behavioural paradigm. But that newer paradigm has been oversold as the 
fix-all therapy, and we have found it to be of only limited use in amelio-
rating the functional somatic symptoms of our child patients. Clinicians 
working more directly with the body—many of whom are quoted in the 
pages of this book—have been pioneering other ways of understanding 
and working with somatic symptoms, including those of our patients. 
More broadly in the therapy world, clinicians have come to recognize that 
working on the mind system level (see Chapter 15) is one therapeutic 
option among others and that working with the body harnesses healing 
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properties of the body/mind/person that might not otherwise be availa-
ble (see Chapter 14). Clinicians have also recognized that, in actual clin-
ical practice, targeted interventions from multiple system levels can be 
combined to address stress-system dysfunction, functional impairment, 
psychological distress, relational difficulties/issues, and issues within the 
family and school systems. Even more broadly, this shift in our under-
standing of the interconnections between mind and body has been mov-
ing into the mainstream, as is apparent in David Brooks’s 2019 New York 
Times column entitled ‘The Wisdom of Your Body’ (Brooks 2019).
The need to move beyond established silos and settled approaches 
to research and treatment is not unique to the field of functional 
somatic symptoms. We note, for example, that in response to frus-
trating failures to develop new curative treatments in mental health, 
the Harvard Review of Psychiatry has started a new feature, ‘Disruptive 
Innovations’. The aims are to catalyse clinical translation of cutting-edge 
science and expert perspectives, ‘to challenge orthodoxy in thoughtful 
and  well-reasoned ways, and [to] propose new ideas, approaches, and 
methods to tackle intractable problems in psychiatry’ (Roffman 2019, 
p. 275). The need to step outside the box is also known to our medi-
cal colleagues interested in the long-term effects of early-life stress on 
health and well-being across the lifespan—or as some researchers put it, 
‘searching outside the streetlight’ (Bush and Aschbacher 2020, p. 17).
A recurring theme from all these clinicians, researchers, and writers 
is that the pathway beyond the void—the space where healing can be 
found—requires one to step outside the box, out on a limb, past what’s 
visible under the streetlight. We need to be comfortable with approx-
imate knowledge, to avail ourselves of information from multiple sys-
tem levels, and to use that information in a fluid and flexible way, all in 
an effort to work collaboratively and productively with our patients and 
their families. And because what we know now is only approximate, we 
need to remain forever curious about body and mind, about the way 
that the body regulates itself, and about how the stress system (and for 
our purposes, each child) responds to the challenges of daily living—the 
stress of life (see Online Supplement 1.2).
We hope that mental health clinicians, paediatricians, and other 
health professionals will enjoy the book and use it as a helpful resource 
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for their day-to-day clinical practice. We hope that, in our clinical 
vignettes, they will recognize the children and families that they work 
with in their own practices. And we hope that in describing our clinical 
work, we have provided sufficient detail for readers to implement our 
approach in their own work with the children—and their families—
who come asking them for treatment of functional somatic symptoms.
Finally, we hope that readers will come to see themselves not only 
as having a role in treating their own patients but as having the capac-
ity to educate their own colleagues about functional somatic symptoms. 
Mental health professionals, as a group, have only recently come to have 
the tools available—as presented here—for working productively with 
children with functional somatic symptoms. Readers can, themselves, 
play an important role in increasing professional awareness of these 
problems, of spreading knowledge of the available treatment interven-
tions, and of helping to ensure that children with functional somatic 
symptoms are identified early and obtain effective treatment.
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Index of Vignettes by Name,  
with Principal Problems
FND = functional neurological disorder;  
NES = non-epileptic seizures; POTS = postural 
orthostatic tachycardia syndrome.
A
Abigail 105 (sleep problems in  
functional presentations),  
111–112 (rejection of 
intervention)
Altan 127 (autonomic activation and 
gut symptoms)
Amalia 20–21 (importance of early 
diagnosis and treatment)
Amanda 315 (Somatic Experiencing 
intervention for FND)
Anne-Marie 261–262  (stress-system 
activation via negative 
appraisal)
B
Barbara 130–131 (autonomic  
activation/dysregulation; 
chronic gut symptoms)
Bella 143–144 (NES triggered by 
hyperventilation), 147 (iden-
tifying warning signs/body 
symptoms of hyperventilation), 
301–302 (tracking somatic 
sensations to avert NES)
Bellynda 170–171 (early-life stress: 
increased risk for func-
tional symptoms), 170–171 
(functional symptoms 
triggered by activation of 
 immune-inflammatory system)
Betsy 309 (Somatic Experiencing 
intervention to process dis-
tress), 351 (noticing activation 
of stress system), 355 (manag-
ing risk of injury in NES)
Brian 149–150 (activation of 
laryngeal muscles with stress: 
functional dysphonia)
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C
Carmen 131 (activation of defen-
sive parasympathetic to heart: 
fainting)
Chantal 330–331 (using top-down 
mindfulness exercises in treat-
ment [jaw dystonia])
D
David 102–103 (sleep problems  
in functional presentations),  
109–110 (treating sleep 
problems)
E
Emma 215 (chronic gut symptoms)
Evie 24 (providing a positive diag-
nosis of a functional disorder), 
254 (sequencing temporal 
order of sensations), 255 (nega-
tive thinking in functional 
presentations), 266 (putting 
unwanted material out of 
mind), 302–303 (tracking 
somatic sensations to prevent 
acute chest pain [precordial 
catch syndrome])
F
Frank 226–227 (child’s description 
of domestic violence; collapsed 
immobility [NES])
G
Ghani 133–134 (autonomic dys-
regulation: irritable/overactive 
bladder)
Greta 142 (activation of postural 
muscles with stress)
Grizzly bear 224 (sudden arousal in 
response to potential threat)
I
Ian 25 (inadequate medical  
assessment; epilepsy)
Ines 132 (autonomic dysregulation: 
orthostatic intolerance/POTS)
J
Jai 113–115 (fixed dystonia in neck: 
treating sleep problems), 232 
(erroneous predictive rep-
resentations), 325 (role of posi-
tive expectations in treatment), 
328–329 (changing focus of 
attention in physiotherapy), 
333–334 (using distraction 
as pain-management strat-
egy), 334 (using hypnosis in 
treatment [painful fixed neck 
dystonia])
Jean-Luc 128–129 (activation of 
defensive parasympathetic to 
heart: fainting)
Johan 327 (role of psychoeducation 
in treatment; tonic immobility)
Index of Vignettes by Name, with Principal Problems      369
Johnny 258 (attention to symptoms 
in functional presentations), 
326 (role of psychoeducation 
in treatment)
K
Kim 104–105 (sleep problems in 
functional presentations), 111 
(treating sleep problems)
L
Lola 23 (providing a positive diagno-
sis of a functional disorder)
Louisa 32–33 (confusion among spe-
cialists in interpreting diagnosis)
M
Maddie 152–154 (difficulty in swal-
lowing; bladder retention)
Martha 25 (inadequate medical 
assessment; brain tumour)
Martin 184–186 (functional gut 
symptoms triggered by activa-
tion of immune-inflammatory 
system)
Mika 150 (vocal fold adduction; 
hypoxia-related NES)
Morgan 216 (failure to treat func-
tional somatic symptoms: 
spiralling complexity of symp-
toms), 263–264 (stress-system 
activation via catastrophizing), 
264–265 (hopelessness in func-
tional presentations)
O
Owen 262 (stress-system activation 
via rumination [mental])
P
Paula 29–30 (multiple diagnoses 
from different specialties), 
46–54 (family assessment 
interview: engagement; formu-
lation), 56–60 (treatment plan; 
contract), 133 (autonomic dys-
regulation: orthostatic intol-
erance/POTS), 348 (changing 
parental focus of attention)
Peppa 345–346 (updating the work-
ing formulation; observing 
family dynamics and attach-
ment strategies)
R
Raymond 258–259 (attention to 
symptoms in functional pres-
entations), 262   (stress-system 
activation via rumination 
[mental]), 265 (fear in func-
tional presentations), 268 
(expectations of pain)
Robert 360–361 (family description 
of frustration in obtaining 
care)
Rudi 189–191 (disabling fatigue)
370     Index of Vignettes by Name, with Principal Problems 
S
Samantha 26–27 (mental health 
team’s failure to engage), 
41–43 (managing distress from 
previous negative experiences 
in medical system)
T
Taylor 265 (anger in functional 
presentations)
Tommie 214 (acute gut symptoms in 
response to stress)
V
Victoria 266–267 (putting unwanted 
material out of mind)
Z
Zack 268–269 (expectations of nau-
sea and pain)
Zia 261 (stress-system activation via 
hypervigilance to threat)
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Index of Concepts, Problems, and 
Processes, with Relevant Vignettes
FND = functional neurological disorder;  
NES = non-epileptic seizures; POTS = postural 
orthostatic tachycardia syndrome.
A
Arousal in response to potential 
threat 224 (grizzly bear)
Attention, focus on or away from 
symptoms
child 258 (Johnny)
parent 258 (Johnny), 348 (Paula)




thetic 128–129 (Jean–Luc), 
131 (Carmen)





102–103 (David), 132 (Ines), 
133 (Paula), 143–144 (Bella), 








Cold-virus inoculation (study) 
167–168 (hypo-active HPA 
axis: increased susceptibility to 
infection)
372     Index of Concepts, Problems, and Processes, with Relevant Vignettes
D
Domestic violence, child’s descrip-
tion of 226–227 (Frank)
Dystonia 113–115 (Jai), 330–331 
(Chantal)
E
Early diagnosis and treatment, 
importance of 20–21 (Amalia)
Expectations
of nausea and pain 268–269 
(Zack)
of pain 268 (Raymond)
positive, role of 325 (Jai)
F
Fainting
activation of defensive parasym-
pathetic to heart 128–129 
 (Jean-Luc), 131 (Carmen)
in combination with NES 111 
(Kim), 143–144 (Bella)
Family assessment interview, ele-
ments of 29–30, 46–54 (Paula)
Family dynamics and attachment 
strategies, observing 345–346 
(Peppa)
Fatigue 29–30, 46–54, 56–60 
(Paula), 105 (Abigail), 189–
191 (Rudi)
Frustrations in obtaining care, 
family description of 360–361 
(Robert)




response to stress 214 (Tommie)
triggered by activation of 
immune-inflammatory system 
184–186 (Martin)
Functional neurological symptoms. 
See also Non-epileptic seizures
propensity for comorbidity 
29–30 (Paula), 105 (Abigail), 
152–154 (Maddie), 266–267 
(Victoria)
symptoms as changing over time 
29–30 (Paula), 216 (Morgan), 
330–331 (Chantal)
Functional somatic presentations, 
common elements of. See also 
Pain and pain management
anger 265 (Taylor)
attention to symptoms 258–259 
(Raymond)
early diagnosis and treatment, 
importance of 20–21 (Amalia)
early-life stress and 261 (Zia), 
261–262 (Anne–Marie)
failure to treat and spiralling com-




negative thinking 254 (Evie)
sleep problems 102–103 (David), 
104–105 (Kim), 105 (Abigail)
H
HPA axis dysregulation 166–167 
(World Trade Center [study]), 
167 (sexually abused girls 
Index of Concepts, Problems, and Processes, with Relevant Vignettes     373
[studies]), 167–168 (cold virus 
inoculation [study])
Hyperventilation
chest pain, mediated by 258 
(Johnny)
identification of warning signs/
body symptoms of 301–302 
(Bella), 302–303 (Evie)
with panic attacks and NES 
152–154 (Maddie)
with PTSD and FND after sexual 
assault 266–267 (Victoria)
Hypnosis, use in treatment 184–186 
(Martin), 189–191 (Rudi), 
258–259 (Raymond), 268–269 
(Zack), 333–334 (Jai)
I
Immune-inflammatory system,  
activation as triggering 
functional somatic symptoms 
170–171 (Bellynda), 184–186 
(Martin), 189–191  
(Rudi)
Intervention
mental health team’s failure to 
engage child/family 26–27 
(Samantha)
rejection of 111–112 (Abigail)
M
Medical assessment
confusion among specialists in 
interpreting diagnosis 32–33 
(Louisa)
functional gut diagnoses 184–186 
(Martin), 214 (Tommie), 215 
(Emma), 216 (Morgan)
inadequate (brain tumour) 25 
(Martha)
inadequate (epilepsy) 25 (Ian)
positive diagnosis of a functional 
disorder, need for 23 (Lola), 24 
(Evie)
Medical encounters, previous
managing distress from 41–43 
(Samantha)
multiple diagnoses from different 
specialties 29–30 (Paula)
Mindfulness 58 (Paula), 255, 302–




assessment and treatment  
104–105, 111 (Kim), 143–
144, 147, 301–302 (Bella)
collapsed immobility 226–227 
(Frank)
explanation and engagement 
26–27, 41–43 (Samantha)
hypoxia-related 150 (Mika)
managing risk of injury 152–154 
(Maddie), 305 (Betsy)
as one among many FND symp-
toms 152–154 (Maddie), 216 
(Morgan)
positive diagnosis, importance of 
23 (Lola), 24 (Evie)
tonic immobility 327 (Johan)
374     Index of Concepts, Problems, and Processes, with Relevant Vignettes
tracking somatic sensations to 
avert 147, 301–302 (Bella), 
255, 303 (Evie)
triggered by high-dose antidepres-
sant 265 (Taylor)
triggered by hyperventilation 
143–144 (Bella)
triggered by pain 24, 254, 
302–303 (Evie)
P
Pain and pain management 59 
(Paula), 102–103, 109–110 
(David), 130–131 (Barbara), 
184–186 (Martin), 189–191 
(Rudi), 258–259 (Raymond), 
268–269 (Zack), 302–303 
(Evie), 325 (Jai)
Precordial catch syndrome 24, 
254–255, 266, 302–303 (Evie)
Predictive representations, erroneous 
232 (Jai)
Psychoeducation, role in treatment 
326 (Johnny), 327 (Johan)
S
Sensations, somatic
indicating activation 309 (Betsy)
tracking the somatic sequence 
302–303 (Evie)
tracking to avert acute chest pain 
(precordial catch syndrome) 
255 (Evie)
tracking to avert NES 301–302 
(Bella)
Sexually abused girls) 167 (dysreg-
ulated HPA axis [and broader 
stress system] over lifespan 
[studies]), 266–267 (Victoria)
Skeletomotor muscles, activation 
with stress 142 (Greta), 
143–144 (Bella), 149–150 
(Brian), 150 (Mika), 152–154 
(Maddie)
Sleep problems, treatment of 
109–110 (David), 111 (Kim), 
113–115 (Jai)
Somatic Experiencing interventions 
309 (Betsy), 315 (Amanda)
Stress-system activation
via catastrophizing 263–264 
(Morgan)
via cumulative adverse life events 
216 (Morgan)
via early-life stress 26–27 
(Samantha), 170–171 
(Bellynda)
via hypervigilance to threat 261 
(Zia)
via illness/injury 26–27 
(Samantha), 29–30 (Paula), 
170–171 (Bellynda), 184–186 
(Martin)
via negative appraisal 261–262 
(Anne–Marie)
via psychological stress 131 
(Carmen), 214 (Tommie), 
226–227 (Frank), 330–331 
(Chantal)
via rumination (mental) 262 
(Owen), 262 (Raymond)
Index of Concepts, Problems, and Processes, with Relevant Vignettes     375
U
Unwanted material, putting out of 
mind 266 (Evie), 266–267 
(Victoria)
W
Working formulation, updating 
345–346 (Peppa)
World Trade Center (study) 166–167 
(HPA-axis hypo-function in 
infants)
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Adverse childhood experiences 
(ACEs) 45, 72–73, 179, 181, 
204, 216
Allostasis 86, 223, 231
Allostatic load 86, 232–233
Anxiety
comorbid with functional symp-
toms 30, 32–33, 180, 184, 
192, 258–265, 274, 329
circadian clock and 104
diagnostic uncertainty and 23–24
role in generating and perpetuat-
ing symptoms 27–28
Assessment and treatment, principles 
of. See Principles of assessment 
and treatment
Attachment theory 6–8, 74–77, 






Autonomic nervous system (funda-
mentals) 119–135
attachment figures, role of 121, 
124
body regulation, role  
in 123–125
chronic activation or dysregula-
tion 129–134
conditions of acute stress 
125–129




378     Main Index
B
Bladder
irritable/overactive 127, 129–130, 
133–134
retention 153–154




energy resources, inefficient use 
of 230
fatigue 241–244
functional motor symptoms 
234–236
functional sensory symptoms 
236–237
immune-inflammatory mech-
anisms, dysregulated 229, 
232–233
innate defence responses 225–228
maintenance/restorative mode 
222–223
memory and concentration 245
neural activation and connectivity, 
aberrant changes in 228
non-epileptic seizures 236–239




visual metaphors to use with chil-
dren 235–244
wear and tear, stress-related 
232–233
Brain stress systems (mind level) 
251–272
attention, role of 256–259
catastrophizing 263–264
expectations, positive and negative 
267–269
feelings and perception of body 
state 252–256
feelings, homeostatic 252–253
hypervigilance, negative appraisal, 
and rumination 259–262
negative feelings, anxiety, and 
depression 264–265
regulation of body states and 
264–265
unwanted material, as pushed out 
of mind 266–267
C
Capra, Fritjof 8, 363. See also 
Systems theory
Chrousos, George 10, 65, 361
Circadian clock 97–118. See also 
Sleep
dysregulation, patterns of 
104–105
evolution 99–100
stress system and 100–103
Crittenden, Patricia McKinsey 7, 74, 
343
D
Damasio, Antonio 8–9, 252–255
Defensive parasympathetic system. 
See Autonomic nervous system 
(fundamentals)
Diagnosis, need for positive 17, 
20–22, 277
Diagnostic and Statistical Manual of 
Mental Disorders 5, 31
Main Index     379
Diagnostic uncertainty 22–24. 
See also Diagnosis, need for 
positive
doctor shopping 29–31





Dis-ease vs. disease 73
Dynamic-Maturational Model. See 
Attachment theory
E
Epigenetics 81–82, 101–102, 
165–168, 229–230
F
Family assessment interview 37–63
expectations of family and child 
38–43
formulation, co-constructing the 
48–54
need for repair 40–43
storytelling 43–46
therapeutic contract 60–61
therapeutic relationship and 
secure base, role in establishing 
38–48
treatment plan (example) 56–60
visual metaphors, use of 54–56
Fascia 24, 138, 141, 155–156, 303, 
312
Fatigue, persisting




metaphors to use with children 
193–196
Functional neurological (symptom) 
disorder (FND). See Functional 
neurological symptoms
Functional neurological symptoms 
228–234. See also separate 
indexes of vignettes
Functional somatic symptoms, 
defined 2, 31
G
Genogram, family 43–44, 47
Glial cells 176–179, 183–187, 229
Gut 203–219
enteric nervous system 207
functional gut symptoms 125–
132, 209–210, 213–217




microbiota-gut-brain axis, defined 
205
pain and 209–210
stress, impact of 213–217




challenge 51–52, 57, 133, 
143–145, 170
neurobiology 142–147
380     Main Index
non-epileptic seizures and 42, 78, 
143–144, 147–148, 301–303
symptoms of 145–147, 301–303
tracking warning signs 301–303
Hypnosis
self- 115, 185, 191, 268, 332–334
by therapist 232, 259, 332–334
as top-down regulation strategy 
332–334
Hypothalamic-pituitary-adrenal 
(HPA) axis (fundamentals) 
162–168
attachment figures, regulatory role 
of 164–165
cortisol/glucocorticoids 164
epigenetics and plasticity changes 
165–168
functional somatic symptoms and 
168–169




damentals) 175–176. See also 
Fatigue, persisting
attachment figures and 178–179
chronic/complex pain and 
182–186
exercise 186








 Immune-inflammatory system 
(fundamentals)














as initial step in treatment 
280–281, 296–297
integration into treatment pro-
gram 297–298








tensing leg muscles 308
tracking/sequencing body sensa-
tions 301–303
trigger points, releasing 312






























Kain, Kathy 10, 120, 141
L
Levine, Peter 10, 120, 141, 309, 314
M
Macrophages 53, 59, 186–187
McEwen, Bruce 11, 222
Meaney, Michael 11, 165
Mind-Body Program (The  
Children’s Hospital at 
Westmead) 4–5, 21, 56–61, 
98, 109–112, 275
N
Non-epileptic seizures (NES) 236–
239. See also separate indexes 
of vignettes
O
Ogden, Patricia 10, 120, 141, 309, 
315
Orthostatic intolerance 50, 57, 102, 
130–133, 170, 191, 274. See 




establishing safety/secure base 17, 
21–22
exclusion of disease process 20–21
as gatekeeper 21–29
positive diagnosis 21–24
visit to the 19–36
Pain (chronic/complex)
gut and 209–210
maps 51, 53, 130, 138, 182, 184, 
209, 229, 239–241, 244
neurobiology 182–186, 228–229, 
239–241, 244
treatment, bottom-up strategies 
293–321
382     Main Index
treatment, top-down strategies 
323–337
Parasympathetic system. See 
Autonomic nervous system 
(fundamentals)
Postural orthostatic tachycardia 
syndrome (POTS) 30, 50, 89, 




Principles of assessment and treat-
ment 275–291
family, engaging the 283–287
mental health clinician/setting 
278–283




Selye, Hans 9–10, 278
Set-points 86, 106, 110, 212–213
Skeletomotor system (fundamentals) 
137–160
bladder 153–154
body posture and 141–142
brain stress systems and 141
coughing 151–152
coupled with autonomic nervous 
system 139–141
fascia 155–156
inner ear (tinnitus) 151
laryngeal muscles/vocal folds 
148–150





cal diseases 154–155, 234–239
Sleep
good/stabilized, as ground-
work for effective treatment 
115–116
improved, as therapeutic interven-
tion 108–115
restorative functions of 106–108
Stress, defined 2, 9–10, 70–73, 278
Stress system activation/dysregula-
tion. See also separate compo-
nents of stress system
identification of 73–80




circles metaphor 49–55, 83, 87




as discussed with child and family 
49–60
maintenance/restorative mode 84
sex hormones, role of 90–91
visual metaphors 49–55, 83, 
87–89
Systems theory 8, 18, 163, 177–178, 
205–206, 278–279, 293, 
341–342, 361–362
Main Index     383
T
Therapeutic contract 38, 46, 60–61, 
110, 286–287. See also Family 
assessment interview and 
Principles of assessment and 
treatment
Therapeutic relationship. See Family 
assessment interview and 




Treatment interventions. See vari-
ous headings beginning with 
Interventions
V
Vagal nerve (vagus) 121–122, 
127–128, 131, 151, 205, 209, 
225, 305–306, 316. See also 
Autonomic nervous system 
(fundamentals)
W
Wear and tear 232–233. See also 
Allostatic load
